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EDITORIAL 


THE case of Messrs. Roe and Woolley v. 
Minister of Health and Anaesthetist came 
before Mr. Justice McNair in October 
1953. The Judge summed up in favour of 
the defendants and gave judgment accord- 
ingly. The plaintiffs appealed against the 
judgment, but the Court of Appeal upheld 
It. 

A few years ago this case would 
have been of intense interest only to a 
limited circle, but owing to the increasing 
tendency of the public to initiate legal pro- 
ceedings it has now become of immense 
importance to both the medical profession 
and their prospective patients. If the 
result of an operation does not come up to 
expectations or some unfortunate compli- 
cation ensues, the layman makes the very 
natural assumption that someone has 
blundered, and that he is entitled to com- 
pensation. In order to get damages he has 
to prove that there has been neglect on the 
part of somebody. This may not be easy 
even when there has been some neglect 
and obviously it will be impossible when 
the usual care has been exercised. So the 
unfortunate patient gets no financial com- 
pensation. 

In the case with which we are dealing, 
Messrs. Roe and Woolley were two 
labourers who were given intrathecal in- 
jections of cinchocaine (Nupercaine) by an 
anaesthetist at the Chesterfield Royal 
Hospital in October 1947 and subse- 
quently became paralysed from the waist 
downwards. Woolley had had two success- 


ful spinal anaesthetics before, without any 
ill consequences ensuing. On this occa- 
sion, however, immediately following the 
injection, he complained of a violent head- 
ache. Within the next few days both 
patients were found to have lost control of 
bladder and bowels and to have developed 
a weakness in the legs. During the next 
two months there was a definite improve- 
ment in the flaccid paralysis, so much so 
that a neurologist gave a favourable prog- 
nosis. Unfortunately, however, in place 
of the steady improvement expected, 
a spastic paralysis subsequently developed 
in both cases. Later Professor Brodie 
Hughes did a laparotomy on Roe and 
found the lower cord enveloped in 
dense adhesions, impossible to separate. 
To relieve spasm a number of nerves were 
cut. In December 1953 both men were 
paralysed from the waist down, suffering 
from incontinence of urine and faeces and 
liable to trophic changes in the skin. 
Fortunately such disasters are very rare, 
the figure accepted by the Judge at the 
trial was 1 in 10,000. 


The relevant facts that emerged during 
the trial were: 


(1) The anaesthetist was competent with 

an experience of some 500 cases of 
spinal anaesthesia. 
Ampoules of cinchocaine (Nuper- 
caine) of a strength 1 in 1500 were 
kept in a 1 in 40 carbolic acid 
solution. 
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A witness brought evidence to show that 

this carbolic solution in which the am- 

poules were stored could percolate through 

“ invisible cracks ” and so contaminate the 

anaesthetic. 

The medical evidence was so contra- 
dictory that Mr. Justice McNair must 
have had considerable difficulty in separa- 
ting the wheat from the chaff. In spite of 
the care and skill which he brought to bear 
on this difficult operation, it is by no means 
certain that the truth finally emerged, 
though his judgment was supported by the 
Court of Appeal. 

Here are some of the contradictions 
with which he had to contend. 

Witness A said: “The case histories were 
inconsistent with the injection of a 
corrosive poison such as phenol.” 

Witness B did not think the condition was 


caused by phenol. 

Witness C thought it was caused by 
phenol. 

Witness D thought “Phenol the least 
improbable.” 


Witness E said that: “ In 1947 an anaes- 
thetist should have known that a 
normal dose of a spinal anaesthetic 
was dangerous and involved the risk 
of permanent injury.” 

Witness F gave evidence that he did not 
consider that ‘Nupercaine’ was 
dangerous or involved the risk of 
permanent injury if used properly. 

Confronted with these conflicting state- 
ments the Judge decided to accept the 

‘invisible cracks’ and so contamina- 


tion with phenol as the most likely cause 
of the damage. None of the witnesses had 
any knowledge of the action of a dilute 
solution of phenol when injected into the 
human theca. So Mr. Justice McNair had 
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to make the further assumption that 
phenol was the noxious agent. It may 
be that he was right in so doing, but before 
we accept ‘invisible cracks’ and the 
corrosive action of 1 in 40 carbolic diluted 
with cinchocaine and C.S.F. further 
evidence is required. If this mixture did 
not cause the damage what did? One 
witness who had had no experience of 
spinal anaesthesia gave it as his opinion 
that the paralysis was caused by the anaes- 
thetic. It is difficult to see what value could 
be attached to such a statement, and 
in point of fact the Judge did not 
attach any. All agreed that there was 
no evidence of bacterial infection. If 
then we can find no very convincing evi- 
dence that the phenol, the cinchocaine or 
infection were the fons et origo mali we 
are bound to conclude that we do not know 
what was. The evidence of Roe that he 
felt a very severe headache at the time of 
injection points strongly to the idea of 
some chemical irritant, confirmed by the 
finding of adhesions at the subsequent 
laparotomy. 

What the lawyers and particularly the 
Judge, whose task had been rendered so 
difficult by the conflicting evidence sup- 
plied by the various witnesses thought, we 
do not know. After the picking of the 
brains that went on for nearly a fortnight, 
it is possible that they endorsed Prince 
Henry’s remarks after the picking of 
Falstaff’s pockets, ““O monstrous! but one 
halfpennyworth of bread to this intoler- 
able deal of sack.”” It was Dr. Organe, an 
expert witness, who supplied some at 
least of the halfpennyworth of sense to 
the intolerable deal of nonsense that 
had been talked. One of the witnesses, 
apparently, had suggested that the 
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anaesthetist ought to have warned the 
patients that spinal anaesthesia was 
dangerous and involved risk. Dr. Organe 
very properly pointed out that that was 
the last thing a competent anaesthetist 
would do, and added that there was a risk 
in every anaesthetic, a risk which the 
aforesaid witness seemed to want to attach 
to spinal anaesthesia alone. 

When the public read the medical evi- 
dence given on oath that spinal anaesthesia 
is dangerous and involves a risk of perma- 
nent injury, when anaesthetists instead of 
encouraging their patients warn them that 
gas and oxygen may be followed by 
insanity, that curare, the poison with 
which South American Indians have for 
centuries tipped their arrows in order to 
make sure of a kill, always weakens and 
sometimes paralyses respiration, that con- 
trolled hypotension is alleged to be fol- 
lowed by blindness, hemiplegia, paraplegia 
etc., that surgeons have been known to 
take out the eye that is not blind, amputate 
the wrong finger, and remove the only 
healthy kidney, they will, one imagines, 
keep their hernia till it strangulates, and 
will certainly not risk an operation, 
having been warned, for anything less than 
the intolerable agony of a perforation or 
of intestinal obstruction. 

When a patient submits himself to 
operation, he runs certain risks. The best 
way of dealing with unavoidable risks is 
insurance. Perhaps no one should be 
operated on, anaesthetized, X-rayed or 
even suffer an injection of antitetanic 
serum unless insured. Had Messrs. 
Woolley and Roe been insured their 
disaster would at least have been mitigated 
to the extent that money can alleviate such 
suffering. 
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The increased tendency to litigation is 
embarrassing the medical profession. 
Though the medical defence societies can 
do much, they will be unable to cope with 
this increase. Insurance of the patient may 
be the answer, but the position as it is 
today should not be allowed to continue. 
Already it is influencing judgment. Anaes- 
thetists are refusing to give spinal anaes- 
thesia for fear of litigation. Disasters and 
fatalities are not reported for fear of it. 
The recently qualified are refusing to give 
anaesthetics following Mr. Justice Oliver’s 
recent pronouncement (Brit. Med. 7., 
1951, 2, 422). Action is paralysed, initia- 
tive sapped, and thus “ The native hue of 
resolution is sicklied o’er with the pale cast 
of thought and enterprises of great pitch 
and moment with this regard, their 
currents turn awry and lose the name of 
action.” 

One word of warning is necessary. In 
the Court of Appeal Lord Justice Den- 
ning, referring to the anaesthetist, said: 
“ He did not know that there could be un- 
detectable cracks, but it was not negligent 
for him not to know it at that time.” He 
continues: “ Nowadays it would be negli- 
gent not to realize the danger but it was 
not then.” Many of us feel that the evi- 
dence for the existence of ‘invisible cracks’ 
is very far from convincing. One of the 
most experienced glass-blowers in the 
country told the writer that he did not 
believe in them. Much stronger evidence 
than any that emerged at the trial would 
be necessary before we can accept the con- 
clusions of this court, as established. But 
we have been warned—and to keep 
ampoules in solution, until further evi- 
dence is forthcoming, in future will be 


regarded, legally, as negligence. 
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THE reprinting in the British fournal of Chloroform. These, and similar instances 
Anaesthesia of Snow’s On the Inhalation of early anaesthetic literature, are not 
of the Vapour of Ether in Surgical Opera- always readily available to anaesthetists 
tions created such interest that we have throughout the country and overseas, and 
decided to follow it with a reprinting in we are glad to be able to rectify this state 
instalments of the other great work, On of affairs. 
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“ Before we give you a blood transfusion, please signify you 
renounce all claims against the hospital, should you survive.” n 


(With acknowledgement to the Editor of Clinical Excerpts, published by Bayer Products Ltd.) SI 
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THE EFFECTS ON ANIMALS OF LARGE DOSES 
OF LAUDEXIUM METHYLSULPHATE 


BY 


H. O. J. COLLIER AND BARBARA MACAULEY 


With an Appendix by Lots H. BRown 
From the Research Division, Allen and Hanburys Ltd., Ware, Herts. 


LAUDEXIUM METHYLSULPHATE (Laudo- 
lissin) is a synthetic curarizing agent 
(Taylor and Collier, 1951) used in 
prolonged surgical operations. We 
have previously described some of its 
pharmacological properties (Collier and 
Macauley, 1952) and the purpose of 
the present paper is to report a further 
exploration of its pharmacology in relation 
to its clinical use. 

As Bovet (1951) has stressed, the toxi- 
city of a neuromuscular blocking agent in 
animals unprovided with artificial respira- 
tion indicates its potency rather than its 
possible toxicity during anaesthesia. More 
information may be gained by assessing 
the toxicity of these agents in animals 
maintained by artificial respiration and we 
describe such an assessment of laudexium. 
Since it seems possible that laudexium 
may be administered clinically over long 
periods of time to give muscular relaxa- 
tion in chronic conditions, we also report 
results of sub-acute and chronic toxicity 
tests of the drug in mice. 


MATERIALS AND METHODS 


The methylsulphates of laudexium and 
neostigmine, the chlorides of d-tubo- 
curarine, acetylcholine and suxametho- 
nium, the hydrochlorides of papaverine 
and tetrahydropapaverine, the sulphate of 


atropine and the maleate of mepyramine 
were used. For brevity, drugs are referred 
to by the name of the base only, though 
weights given are those of the salts. 

Most of the methods used have 
previously been described (Collier and 
Macauley, 1952), except the following. 
Salivation was recorded in anaesthetized 
cats by a Condon drop-recorder, con- 
nected with a metal cannula inserted in 
the submaxillary duct. Rabbits were 
anaesthetized with an intravenous dose of 
0.75 mg. urethane per kg. 


RESULTS 
Sialogogic Action. 

In 8 cats prepared for recording the flow 
of saliva, intravenous doses of up to 3 mg. 
laudexium per kg. failed to evoke a 
response, but larger doses sometimes pro- 
duced a flow. This is illustrated in figure 1, 
in which experiment 4 mg. laudexium 
produced about the same amount of 
salivation as 40 »g. neostigmine per kg. It 
will be seen, however, that the latency 
between administration of laudexium and 
the beginning of salivation was about half 
that after neostigmine. The characteristic 
hypotensive action of large doses of 
laudexium, which we have previously 
reported, is to be seen in this tracing. 
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Fic. 1 


Cat, chloralose. Records from above downwards. blood pressure; blood pressure zero; time 
in 10 sec.; salivary flow. At 2.32 p.m., 4 mg. laudexium; at 3.32 p.m., 3 mg. laudexium; at 


4.17 p.m., 


Lack of Anticholinesterase Activity. 

The fact that d-tubocurarine (Paton 
and Zaimis, 1949) and other neuromuscu- 
lar blocking agents possess some anti- 
cholinesterase activity prompted investi- 
gation of this property in laudexium. 
Zaimis (1953) has used the production of 
muscular fasciculations in the rat as a 
rapid test of anticholinesterase activity in 
vivo, if direct muscle stimulation can be 
excluded. Since laudexium exhibits low 
curarizing activity in this species, we 
applied this test. Intravenous administra- 
tion of laudexium at the largest dose that 
did not curarize (1 mg. per kg.) failed to 
produce fasciculations, although small 
doses of neostigmine (50 vg. per kg.) 
readily produced the effect. 

In vitro tests for anticholinesterase 
activity were carried out by Miss L. H. 
Brown and are reported in the Appendix 
to this paper. In these, solutions of 


20ug. neostigmine; at 4.47 p.m., 40ug. neostigmine. 


laudexium failed to inhibit the cholines- 
terases of either human plasma or red 
ceils. 


Actions on Guinea-pig’s Ileum. 

Feldberg and Smith (1953) have 
reported that d-tubocurarine and other 
histamine liberators “ when added to the 
bath in which guinea-pig’s ileum is sus- 
pended, produce periods of increased 
rhythmicity and tone.” Laudexium in 
high concentrations had a somewhat simi- 
lar effect; which is illustrated in figure 2. 
Both mepyramine and atropine antago- 
nized this effect. It can be seen from 
figure 2 that atropine also reduced the 
spontaneous contractility of the prepara- 
tion though mepyramine did not. The 
effect of atropine persisted long after it 
was washed out of the bath. 

Since laudexium antagonizes the nico- 
tinic effects of acetylcholine at the motor 
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Fic. 2 
Guinea-pig’s ileum preparation in 20 ml. bath. Response to laudexium. Intervals between 
tracings A—D, 4 min. each; between E and F, 10 min.; F and G, 20 min. 
A: --2.5 mg. laudexium; B—2.5 mg. laudexium 30 sec. after 1 mg. mepyramine; C—ro drug; 
D—2.5 mg. laudexium; E—2.5 mg. laudexium 30 sec. after 10 »g. atropine; F—-2.5 mg. 
laudexium; G—2.5 mg. laudexium. 


end-plate and in autonomic ganglia, we 
also investigated whether it antagonized 
the muscarinic effects of acetylcholine on 
the guinea-pig’s ileum. It will be seen 
from figure 3 that both laudexium and 
d-tubocurarine in high concentrations 
exert an atropine-like effect on this res- 
ponse. 

Since laudexium is related chemically 
to papaverine, we also explored the possi- 
bility that it might antagonize the spasm 
of guinea-pig’s ileum produced by barium 
chloride. It will be seen from figure 4 that 
in very high concentrations laudexium 
exhibits a similar activity to papaverine 
and to tetrahydropapaverine. Laudexium 
is markedly less active than papaverine 
and the effect was not seen at concentra- 
tions inhibiting the response to acetyl- 
choline. At the high concentrations of 
laudexium required to relax the barium 
spasm, the effect may be masked by 


initiation of the rhythmic contractions 
described above. 


Toxicity to Animals Under Artificial 
Respiration. 


Rabbits anaesthetized with urethane 
were given intravenously large doses of 
laudexium and maintained by means of a 
respiration pump. The condition of the 
heart was observed by palpation at inter- 
vals for four hours after treatment with the 
curarizing agent, unless the animal died 
sooner. It will be seen from table I, which 
gives the results of 13 experiments, that 


TABLE I 


Toxicity of large doses of laudexium in rabbits 
maintained by artificial respiration 


Proportion of rabbits 


I.V. dose in mg. per kg. surviving 
50 5/5 
75 1/3 


IA EFFECTS OF LARGE DOSES OF LAUDEXIUM METHYLSULPHATE 239 Fie 7 
B Cc D | F G 
J 
S- 
ye 
er 
S- 
4 
1- 
z x 
m 
1e 
i- 
it 
100 3/5 
‘ 


240 


Fie. 3 
Guinea-pig’s ileum preparation in 20 ml. bath. Responses to 0.2 jg. acetyl- 


choline. 


At L, 1 mg. laudexium and at T, 1 mg. d-tubocurarine added 


30 sec. before acetylcholine. 


all of 5 rabbits tolerated for four hours a 
dose of 50 mg. per kg., which is about a 
thousand times the LDS50 in animals un- 
provided with artificial respiration. It is 
impossible to say how ‘much longer the 
survivors would have lived if the experi- 
ments had not been terminated, but the 
hearts of all survivors were beating 
strongly at the end. All animals that died 
did so within 24 hours of treatment. 

Two similar experiments were per- 
formed in cats under chloralose anaes- 
thesia. One animal receiving 50 mg. 
laudexium per kg. survived for the four- 
hour period of the experiment. The other 


cat, receiving 100 mg. per kg., died within 
22 hours of treatment. 


Toxicity to Mice. 

In acute subcutaneous toxicity tests, 
each involving 40 mice, the LDS5SO of 
laudexium was found to be 2.95 mg. per 
kg. and of d-tubocurarine 0.63 mg. per kg. 

In a sub-acute toxicity test 20 mice 
received subcutaneous doses of 1 mg. 
laudexium per kg. on the first, second, 
third, fourth, fifth, eighth, ninth, tenth 
and eleventh days of the experiment. 
None died and on the twelfth day we 
compared the paralysing activity of 
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Fic. 4 
Guinea-pig’s ileum preparation in 10 ml. bath. Effects of laudexium, papaverine and tetra- 
hydropapaverine on spasm evoked by 1 in 1000 barium chloride. At A, 1 mg. laudexium; 
at B, 0.1 mg. papaverine; at C, 2 mg. tetrahydropapaverine; at D, 5 mg. laudexium. 


intravenous doses of laudexium on these 
mice with that in untreated controls, 
using the rotating drum. At an intra- 
venous dose of 200 yg. per kg., 1 of 10 
mice in the treated group was paralysed 
and subsequently died and 1 of 10 controls 
was paralysed and recovered. At 350 xg. 
all of 10 of the treated mice were para- 
lysed and 6 died, while 8 of 10 controls 
were paralysed and one died. There 
appeared therefore to be a slightly greater 
sensitiveness to laudexium in the group 
that had previously received 9 doses of the 
drug. 

In a chronic subcutaneous toxicity test, 
groups of 10 mice were treated daily 
except on Saturdays and Sundays, for 8 
weeks. One group received 1.0 mg. 
laudexium per kg., another 0.2 mg. d-tubo- 
curarine and a third 10 ml. saline. The 
mice were weighed regularly and at the 


end of 6 and 8 weeks their bloods were 
examined. The results of these observa- 
tions, expressed in table II, give no evi- 
dence of toxic effects of either drug on 
growth or blood picture. After the fourth 
treatment with laudexium, one mouse 
died; but this does not appear to be impor- 
tant, since no further death occurred 
during 7 weeks and since all of 20 mice 
survived the same treatment during the 
sub-acute test. Another mouse in the same 
batch from the breeder died on the same 
day. 

The behaviour and movement of the 
mice were normal at the end of 8 weeks, 
when they were sacrificed. No macro- 
scopic lesions were seen at the site of 
injection. Sections of livers, kidneys, 
spleens and hearts were examined by Dr. 
V. Udall who found no changes attribut- 
able to either drug. 
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Taste II 


Weights and blood findings in mice treated during eight weeks with 40 subcutaneous doses of 1.0 mg. 
laudexium or 0.2 mg. d-tubocurarine per kg. body weight 


Mean weight in g. of 
group at weeks 


Mean blood findings at 8 weeks 


R.B.C W.B.C Per Per 
Per per per cent cent 
Treatment 0 2 4 8 cent cu. mm cu. mm mono- poly- 
Hb x 10° x 108 cytes morphs 
Laudexium 202-245) 029.432.2965 10.2 12.0 78 
d-Tubocurarine ... 20.2 25.1 30.8 29.8 94.8 10.1 11.6 63 37 
Normal saline’... 20.7 25.2 27.4 29.5 94.1 11.0 11.6 75 25 
DISCUSSION the guinea-pig’s ileum presents difficulties. 


In contrast with decamethonium and 
suxamethonium and like d-tubocurarine, 
laudexium does not stimulate the frog’s 
rectus abdominis, but antagonizes the 
stimulatory effect of acetylcholine and 
like-acting substances upon it (Chesher 
and Collier, 1954). The side-effects seen 
with laudexium are such as might be 
expected from this antagonism to acetyl- 
choline and similarity to d-tubocurarine. 
It is not surprising if such a drug as 
laudexium also antagonizes the actions 
of acetylcholine on autonomic ganglia 
(Collier and Macauley, 1952) and upon 
smooth muscle. What is surprising, how- 
ever, is the high degree of specificity that 
laudexium exhibits at the skeletal muscle 
end-plate, as compared with other sites of 
action. Although it might be expected that 
laudexium would also possess anticholines- 
terase activity, it was not possible to 
detect it. This finding is particularly 
interesting because Smith, Pelikan, 
Maramba and Unna (1953) have found 
that comparable bis-polymethylene quat- 
ernary ammonium salts, linked through 
carbon atoms of the isoquinolinium rings, 
exhibit high anticholinesterase activity. 

The interpretation of the stimulating 
effects of laudexium on salivary flow in 
the cat and on the tone and rhythmicity of 


The failure to detect anticholinesterase 
action in human blood renders it most 
unlikely that these effects are due to such 
action. The facts that (i) laudexium is 
known to release histamine; (ii) mepyra- 
mine inhibits the stimulating effect of 
laudexium on the guinea-pig ileum with- 
out abolishing rhythmicity and (iii) hista- 
mine can cause salivation in the cat (Dale 
and Laidlaw, 1910; Gibbs and McClana- 
han, 1937) make it possible that the 
effects of laudexium under discussion may 
be due to histamine release. This explana- 
tion is the same as that proposed by 
Feldberg and Smith (1953) for the stimu- 
lating effect of d-tubocurarine on the 
guinea-pig’s ileum. Whether or not this 
is the correct explanation of the effects 
under discussion, it is to be noted that they 
are only seen at concentrations higher than 
the largest likely to occur in the human 
body during the clinical use of laudexium. 

Reports have now been published on 
the use of laudexium in more than 1,328 
surgical operations (Binning, 1953; Bod- 
man, Morton and Wylie, 1952; Dundee, 
Gray and Riding, 1954; Fuller and 
Harrison, 1953; Grant-Whyte, 1953; 
Lederman, 1953; Pitcher, 1953; Sara, 
Marshall and Balthasar, 1954). It is of 
interest to compare some aspects of the 
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clinical findings with the results of animal 
experiments. 

In surgical operations initial doses of 
laudexium have generally fallen between 
10 and 60 mg. per patient and subse- 
quent doses have not exceeded half the 
initial dose. Single doses have therefore 
probably not exceeded 1 nor total doses 
4 mg. per kg. Among more than 1,328 
patients the reported incidence of side- 
effects is very low. We have administered 
laudexium in doses ranging from 50 xg. tc 
100 mg. per kg. to a total of 63 cats under 
chloralose anaesthesia. In the cat, in 
which the potency of laudexium approxi- 
mates to that in man, a single dose of 
1 mg. per kg. (about 5 times the fully 
effective dose) caused no obvious side- 
effects with the exception of occasional 
slight hypotension. At this dose, therefore, 
side-effects appear to be very incon- 
spicuous both in the cat and in man. At 
single doses exceeding 2 mg. per kg. in the 
cat, the side-effects described in this or the 
previous paper are liable to be seen, but 
there has been no record of the use in man 
of such high doses, which do not appear 
to be necessary. 


SUMMARY 


(1) Very large doses of laudexium 
sometimes provoked slight salivation in 
the cat. 

(2) Laudexium did not evoke muscular 
fasciculations in the rat at the largest 
intravenous dose (1 mg. per kg.) that did 
not curarize. 

(3) Laudexium at a concentration of 
M x 10° in human red cells or plasma did 
not inhibit the cholinesterases in vitro. In 
parallel tests, neostigmine at M = 10° to 


10™ inhibited the cholinesterases by 50 per 
cent (sec appendix). 

(4) High concentrations of laudexium 
increased the tone and rhythmicity of 
guinea-pig’s ileum in vitro. Both effects 
were antagonized by atropine and the 
effect on tone by mepyramine. 

(5) High concentrations of laudexium 
and of d-tubocurarine antagonized the 
response to acetylcholine of the guinea- 
pig’s ileum im vitro. Still higher con- 
centrations of laudexium relaxed the 
spasm caused by barium. 

(6) Anaesthetized rabbits maintained 
by artificial respiration survived for four 
hours an intravenous dose of laudexium 
1,000 times the LDSO. 

(7) All of 20 mice survived 9 sub- 
cutaneous doses of 1.0 mg. laudexium per 
kg. given over 11 days. 

(8) Mice tolerated without effect on 
behaviour, growth, blood picture or micro- 
scopic appearance of certain organs 40 
subcutaneous doses of 1.0 mg. laudexium 
or 0.2 mg. d-tubocurarine per kg. given 
over a period of 56 days. 
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APPENDIX 
FAILURE TO DETECT ANTICHOLINESTERASE ACTIVITY 
IN LAUDEXIUM METHYLSULPHATE 
BY 
Lois H. BROWN 


THE determination of cholinesterase num- 
bers (Ch. E. No.) by the modification of 
Michel’s electrometric method described 
by Aldridge and Davies (1952), using 
acetylcholine chloride as substrate, was 
employed in an attempt to detect anti- 
cholinesterase activity in laudexium 
methylsulphate (Laudolissin). As a stan- 


dard for comparison neostigmine methyl- 
sulphate was used. 

The cells and plasma of human blood 
were separated as described by Aldridge 
and Davies, the cells being used as a source 
of “true” and the plasma of “ pseudo” 
cholinesterase. 0.1 ml. solutions of 
laudexium or neostigmine in normal saline 


Effect on human red cell and plasma cholinesterases of neostigmine and laudexium 


methylsul phates 
Source of E No = 
Cholinesterase Test solution Expt. 1 Expt. 2 Expt. 3 
Red cells Control 85 70 80 
a 80 60 90 
Neostigmine, M x 30 45 
M x 10-5 70 42.5 80 
Control 85 42.5 62.5 
80 40 60 
Laudexium, 80 37.5 62.5 
‘a M x 10-4 80 42.5 
Plasma Control 85 90 85 
* 70 90 80 
Neostigmine, M x 10-° 20 10 30 
Ps M x 10° 45 60 70 
Control 107.5 90 85 
es 100 90 80 
Laudexium 10-° 107.5 100 80 
- M x 10+ 95 87.5 80 
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were added per 5 ml. cells or plasma. An 
equal volume of normal saline was added 
to the controls. The cholinesterase activi- 
ties of these solutions were then estimated 
in the saponin-buffer mixture of Aldridge 
and Davies. Neostigmine exerted a 50 per 
cent inhibition at concentrations in cells or 
plasma between M x 10° and M ~x 10° 
but laudexium showed no activity at 
M x 10°, which was the highest con- 
centration it was possible to obtain by the 
method used. These results are expressed 
in the table. Control mixtures prepared 
exactly as above, but without addition of 
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acetylcholine, showed no change of pH on 
incubation. 

It was concluded from these experi- 
ments that laudexium methylsulphate at 
a concentration of M x 10° in human red 
cells or plasma did not inhibit the cho- 
linesterases in vitro. 
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BOOK REVIEW 


Aids to Anaesthesia, third edition. By 
Victor Goldman, F.F.A.R.C.S., D.A., 
L.R.C.P., M.R.C.S. Published by 
Bailliére, Tindall and Cox, London, 
1954. Pp. 343; 83 illustrations. 


This book contains a lot of useful 
practical information but is marred by 
fundamental errors and omissions and 
jargon has not been eliminated. 

The first two chapters cover the histori- 
cal aspects of anaesthesia in catalogue 
fashion and though the author admits the 
elementary character of the material in 
the third chapter, he places the heart 
between the lungs and the middle medias- 
tinum. 

In the second edition the author 
correctly referred to hydrogen ion con- 
centration; in the current edition he has 
changed this to pH concentration. In 
eliciting a history from the patient he has 
nothing to state about getting evidence of 
cardiac disorders. 

Not many physicians will agree with the 


author’s contention that oxygen is the most 
important factor in the treatment of post- 
operative pneumonia, and no thoracic 
surgeon will countenance the recom- 
mendation of immediate bronchoscopy for 
patients with pulmonary collapse. In 
dealing with the signs of pulmonary col- 
lapse he omits to cite mediastinal dis- 
placement. He states that asthmatic 
patients take general anaesthesia badly 
whereas in fact they do well in between 
attacks. He fails to mention Ayre’s tube 
for cleft palate operations, and in the 
chapter on “ Intravenous Anaesthesia ” he 
omits to warn of the dangers of intra- 
arterial injection. In the section on muscle 
relaxant drugs, he implies that patients 
with myasthenia gravis have an increased 
tolerance for drugs with quaternary 
ammonium groups. 

Two new chapters, one on “Muscle 
Relaxants ” and the other on “ Controlled 
Hypotension” have been added, and the 
“ Appendix of Useful Information” has 
been enlarged. R. P. Harbord 


srit. 
" 
R., 
08, : 
ure, 4 
y 
i 
ige 
rce 
O 
of 
ine 


Brit. J. Anaesth. (1954), 26, 246 


THE ESTIMATION OF OXYGEN CONSUMPTION 
IN THE ANAESTHETIZED CAT 


BY 
PAYNE 


Department of Anaesthesia, the Postgraduate Medical School, London 
AND 
F. B. BESWICK 
Department of Physiology, University of Manchester 


THIS preliminary series of experiments 
was Carried out to investigate some of the 
problems of controlled hypotension. The 
need for such a series is demonstrated by 
the fact that though several techniques for 
measuring oxygen consumption in the 
anaesthetized animal have been described 
(Benedict and Homans, 1912; Evans, 
1912; Hunt and Bright, 1926; Cork- 
hill, Dale and Marks, 1930; Anderson, 
Cleghorn, MacLeod and Peterson, 1931; 
Lundholm, 1949) there appears to be 
only one method to date which allows 
of the ready measurement of minute to 
minute changes in oxygen consumption 
combined with the means of investigating 
simultaneous cardiovascular changes. 
This method was used by Hunt and Bright 
in 1926 in experiments designed to inves- 
tigate the activity of endocrine glands. 
They measured oxygen consumption by a 
technique similar to the one to be des- 
cribed, but unfortunately their values of 
oxygen consumption were not reported. 


APPARATUS 
It was decided to use a closed circuit 
system, and a modification of the Benedict 
Roth spirometer was designed for this 


purpose as shown diagrammatically in 
figure 1. The spirometer chamber had a 
capacity of 600 ml. of gas and was water 
sealed. To reduce the bulk of the spiro- 
meter the carbon dioxide absorber was 
placed outside the chamber on the inlet 
side of the circuit. 


B.P. 


Trachea 


Fic. 1 
Vi—inspiratory valve, V2— 
expiratory valve, A—carbon dioxide absorber, S— 


Diagram of apparatus. 


spirometer, K—kymograph. 
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The absorber was an infant pattern 
Waters type canister to keep resistance 
at a minimum. Two one way valves of low 
resistance completed the circuit. Each 
valve consisted of a mica disc on a brass 
seating enclosed in a glass chamber to 
allow visual inspection. The valve 
components were treated with silicone 
(dimethyldichlorosilane) to prevent stick- 
ing; in addition, the inlet valve had a 
simple water trap to collect condensation. 

The sinking of the spirometer was 
recorded on a kymograph. On calibration 
it was found that for 1 mm. descent of the 
chamber 8.7 ml. of oxygen had been con- 
sumed. 


METHOD 


A group of cats selected at random and 
varying in weight between 1.8 kg. and 
3.5 kg. was used. Each animal was 
weighed to the nearest 0.1 kg. immedi- 
ately before the commencement of the 
experiment after having been starved for 
12 hours. An intraperitoneal injection of 
pentobarbitone sodium 40 mg./kg. body 
weight in normal saline was used to obtain 
anaesthesia. Five to ten minutes after the 
injection, the unconscious cat was placed 
supine on a heated table. A rectal thermo- 
meter was used to measure the tempera- 
ture to 0.1°C and the body was maintained 
within 0.5°C of this temperature through- 
out the experiment. 

A cannula was inserted centrally in the 
radial vein to enable anaesthesia to be 
supplemented, and, if this was necessary, 
additional doses of 10-20 mg. of pento- 
barbitone in a concentration of 20 mg./ml. 
saline were administered. 

A tracheotomy was performed through 
the second or third tracheal ring and 
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a T-shaped cannula of appropriate size 
was placed in the trachea. One limb of the 
cannula was connected by the stem of a 
Y tube to the closed circuit. The other 
limb was normally kept closed but, when 
the circuit adjustments were necessary, it 
was opened to allow the animal to breathe 
air. Deadspace was reduced to a mini- 
mum. 

The left common carotid artery was 
isolated and tied distally. A glass arterial 
cannula was then passed centrally into the 
vessel for the purpose of blood pressure 
recordings which were made directly on 
to the smoked drum by means of the usual 
mercury manometer. Sodium citrate (4 
per cent) was used as the intermediary 
fluid. 

Arterial blood samples when required 
were obtained from a cannula inserted 
centrally into a femoral artery. 

A 30-sec. time tracing was recorded in 
the usual manner. Before the commence- 
ment of recording, the spirometer was 
filled with pure oxygen and the respira- 
tory and blood pressure tracings were 
adjusted synchronously. 


RESULTS 


Figure 2 illustrates the measurement of 
oxygen consumption. In practice it was 
found that the measurement of the vertical 
fall of the spirometer could be made 
accurately by using fine pointed calipers. 
Measurements were made to the nearest 
0.5 mm. 

In one animal the oxygen consumption 
was measured continuously over a period 
of five hours to exclude the possibility of 
alterations in oxygen consumption during 
prolonged anaesthesia. Figure 3 illust- 
rates graphically the results obtained. 
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Supplementary doses of 10 mg. of pento- 
barbitone were given intravenously as 
required to maintain a constant clinical 
level of anaesthesia. After the third dose 
of pentobarbitone, further doses were 
withheld and the anaesthesia allowed to 
lighten. Immediately spontaneous move- 
ments were observed, 40 mg. of pento- 
barbitone were given intravenously. 

It is apparent from figure 3 that the 
oxygen consumption remained fairly con- 
stant for the first 150 mins. There was, 
however, a slight increased consumption 
which became more marked as the anaes- 
thesia lightened. It is noteworthy that the 
rectal temperature also rose as anaesthesia 
lightened. Following the injection of 
40 mg. of pentobarbitone there was an 
immediate fall of blood pressure associated 
with a subsequent reduction in oxygen 
consumption and a lowering of rectal 


Fic. 2 
Method of calculation of oxygen consumption. The 
upper tracing is the respiratory record representing 
the fall of the spirometer from which oxygen con- 
sumption is estimated. Lower tracing—blood pressure 
in mm. of mercury. 
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Fic. 3 


Control experiment 
At A, intravenous injection of 10 mg. pentobarbitone 


sodium. At B, intravenous injection of 40 mg. penio- 
barbitone sodium. 


8 
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temperature. The oxygen consumption, 
blood pressure and rectal temperature 
returned to previous levels within the next 
45 minutes. At this point an inadvertent 
intra-arterial injection of sodium citrate 
invalidated any further results. 

It is clear, however, that during the 
period of steady anaesthesia the oxygen 
consumption remained relatively constant. 
This confirmed the work of Anderson et al. 
(1931) who showed similar results over 
periods up to 10 hours. 

Oxygen consumption was estimated in 
a series of 24 cats. These observations 
were made when the “ clinical” level of 
anaesthesia was constant. An examina- 
tion of table I shows that there is a con- 
siderable variation in the oxygen con- 
sumption from animal to animal, and this 
variation appears to be independent of 
weight. 
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TaBLe [ 
Oxygen consumption of normal cats. 
Average Total Average Total 
Weight BP. O.cons. O.cons. Weight B.P. O.cons. O,cons.. 
in kg. mm.Hg ml./min. ml./kg./min. in kg. mm.Hg ml./min. ml. /kg./min. 
2.25 175 19.35 8.6 pa 140 16.18 6.47 
3.5 140 24.08 6.88 2.25 155 19.58 8.7 
2.25 125 13.91 6.18 2.25 140 16.54 7.35 
2.0 110 12.1 6.05 2.9 120 20.01 6.9 
ye 165 20.58 8.23 p be 125 14.94 6.64 
2.25 155 16.54 7.35 2.5 160 17.88 7.15 
3.1 200 21.45 6.92 2.0 165 17.06 8.53 
2.25 165 18.68 8.3 1.8 130 15.79 8.77 
3.25 210 21.55 6.63 1.9 145 18.24 9.6 
275 150 17.05 6.2 2.8 170 17.56 6.27 
y Ny 160 24.2 8.8 2.6 150 21.4 8.23 
yh 125 22.33 8.93 32 155 24.58 7.68 


A series of arterial carbon dioxide 
estimations were made in 6 animals over 
periods of 2 to 4 hours and showed no evi- 
dence of carbon dioxide accumulation. 


DISCUSSION 


Oxygen consumption of cats has been 
estimated in the past in investigations of 
body metabolism. Anderson and his co- 
workers (1931) measured the oxygen con- 
sumption of decerebrate cats before and 
after evisceration. Using as their standard 
method gas analysis of expired air collec- 
ted in a Douglas bag, they found the 
oxygen consumption of decerebrate cats 
to be 6.0 ml./kg./min. at 36.0°C. Peter- 
son (1933) using a similar technique also 
found an oxygen consumption of 6.0 ml./ 
kg./min. Lovat Evans (1912) used this 
method to estimate the oxygen consump- 
tion in cats anaesthetized with urethane 
and obtained a figure of 6.85 ml./kg./ 
min. 

Unfortunately these workers gave only 
average figures for their series, and it 
is thus impossible to compare results 
directly. 

In preliminary experiments during an 
investigation of experimental traumatic 

B 


shock, Aub (1920) measured oxygen con- 
sumption in cats from analysis of their 
expired air and obtained results which are 
comparable with those recorded by us. 

Although this method of using expired 
air is quite valid, it suffers from the dis- 
advantage that direct recordings are not 
obtainable where rapid changes in oxygen 
consumption are anticipated. 

A more complicated technique is that of 
Lundholm (1949) who investigated the 
effect of adrenaline infusions in cats. The 
disadvantage of Lundholm’s technique is 
that the enclosure of the animal in an air- 
tight container submerged in a water bath 
precludes easy access for manipulation. 
His results are lower than those of the 
present series, but there are two possible 
explanations for the discrepancy. The 
body temperature of the animals was 
probably lower, as the environmental 
temperature only was kept constant at 
27.0°C. No figures for body temperature 
were given. Moreover the dose of anaes- 
thetic used was considerably greater than 
that of other workers, and hence the 
oxygen consumption may have been 
depressed. In this connection it is worth 
reporting a constant observation of our 
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own which is well illustrated in figure 4 
and which shows that a dose of pentobar- 
bitone sufficient to depress the blood pres- 
sure will also reduce the oxygen consump- 
tion for some considerable time after the 
injection has been given. It would there- 
fore appear that the depth of anaesthesia 
must remain constant if one estimation is 
to be compared with another. 

It is interesting to note that Hunt and 
Bright (1926) claim that amylobarbitone 
sodium produces a rise in metabolic rate. 
This observation, however, is complicated 
by the fact that the amylobarbitone used 
was dissolved in 0.5N sodium hydroxide 
before being injected intraperitoneally. 
Irritation from the sodium hydroxide 


Fic. 4 
Control experiment 


Reproduction of actual tracing from experiment 
illustrated in fig. 3. Signal is the time at which 40 
mg. pentobarbitone sodium was given intravenously 
(* B’ on fig. 3). Note the immediated cessation of res- 
piration, the sudden fall of blood pressure and the 
simultaneous reduction in oxygen consumption. 
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might possibly explain the slight rise in 
metabolic rate which they observed. 

Corkhill, Dale and Marks (1930) have 
stated: “It is indeed impossible in any 
one experiment to predict from the weight 
of the cat what the rate of metabolism will 
be.” This observation has been amply 
confirmed by the results set out in table I, 
from which it is obvious that there is no 
simple relationship between the body 
weight of the animal and its oxygen con- 
sumption. It is apparent then, that no 
advantage is to be gained by expressing 
results as ml. per kg. of body weight per 
minute. 

It is customary in human metabolic 
studies to express metabolic rate in rela- 
tion to surface area, but recently Wedge- 
wood et al. (1953) have claimed that this 
relationship is not a primary one, and that 
metabolic rate is more closely related to 
extracellular fluid volume. Measurement 
of the extracellular fluid volume is not 
easily made in the cat. Therefore, it is not 
possible in this series of experiments to 
compare the oxygen consumption of one 
cat with that of another. The method does, 
however, allow ready comparison of the 
oxygen consumption in the same cat under 
different conditions. 


SUMMARY 


(1) A method of measuring the oxygen 
consumption in cats has been described. 
This method permits comparison of the 
oxygen consumption of one cat under 
different conditions. 

(2) The oxygen consumption has been 
measured in a series of 24 anaesthetized 
cats. 

(3) It has been observed that a dose of 
pentobarbitone sufficient to lower the 
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blood pressure causes a fall in oxygen 
consumption together with a rapid fall in 
rectal temperature. 

(4) The results indicate that the oxygen 
consumption of one cat is not readily com- 
pared with that of another. 
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BOOK REVIEW 


The Elements of Dental Therapeutics and 
Anaesthesia. By M. Gerson, L.D.S., 
R.C.S.(Eng.). Published by Henry 
Kimpton, 1954. Pp. 91. Price 10s. 6d. 


Extracts taken practically at random 
from the pages of this book which deal 
with anaesthetics confirm that there is 
much to be said for the cobbler sticking 
to his last, and the dentist to his drill. 
Examples: Page 74. “Cyanosis is indi- 
cative of the continued administration of 
the anaesthetic to the almost total exclu- 
sion of molecular oxygen or air. The 


degree of condensation to which the blood 
is subjected is of such a high grade that, 
apart from acting the invader to other 
tissues regressively down the scale of 


evolutionary appearance, it finally turns 
cannibal and invades its own ‘nucleus’, 
the red blood-corpuscle. Haemoglobin is 
liberated into the plasma, and if the 
narcosis is continued it is further con- 
densed into met-haemoglobin and then 
sulph-haemoglobin.” 

Page 76, “Fits and convulsions are 
signs that stimulation is again becoming 
the more prominent feature, but this time, 
low down in the scale of development, it 
is stimulation of the spinal pyramidal 
tract, due of course, to the highly over- 
contracted blood plasma. Before the fatal 
paralysis there is excessive muscular 
movement, mainly of the spine, ending up 
in opisthotomy and collapse.” 

R. R. Macintosh 
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THE OXYGEN CONSUMPTION OF THE HYPOTENSIVE CAT 


BY 


J. P. PAYNE 
Department of Anaesthesia, the Postgraduate Medical School, London 
AND 
F. B. BESWICK 
Department of Physiology, University of Manchester 


THE introduction of controlled hypo- 
tension into clinical practice has brought 
many advantages to the surgeon. Intricate 
surgical procedures have been facilitated, 
blood loss has been reduced and, in a few 
cases at least, operation has been made 
possible solely by the judicious application 
of this technique. There are many workers 
however who consider that its benefits 
are outweighed by the dangers and 
Davison (1953) has recently put forward 
the case against hypotensive techniques. 
Unfortunately the accurate assessment of 
the dangers is handicapped by a lack of 
precise information concerning the physio- 
logical changes brought about by induced 
hypotension. It was decided, therefore, to 
investigate some of these changes in the 
experimental animal and begin by estima- 
ting the oxygen consumption in the hypo- 
tensive cat. 

Controlled hypotension may be in- 
duced by interference with one or other 
of two fundamentally different mechan- 
isms (Payne, 1953). The volume of the 
circulating blood may be reduced by 
bleeding, or the peripheral vascular bed 
may be increased by the elimination of 
sympathetic vasomotor tone. The latter 
may be achieved by the direct action of 


anaesthetic drugs on the preganglionic 
fibres or alternatively by the use of gang- 
lion blocking agents. Combination of these 
mechanisms is possible, but in this series, 
individual methods have been used to 
avoid unnecessary complications. 

Methods for the induction of hypoten- 
sion which are commonly used in clinical 
practice have been investigated in this 
study of oxygen consumption in the anaes- 
thetized cat. 


METHOD 


Normal healthy cats were used for the 
investigation. The oxygen consumption 
was measured in a manner similar to that 
previously described (Payne and Beswick, 
1954). Four different methods of inducing 
hypotension were used: 


Bleeding. Blood was withdrawn from a femoral 
artery into a 50 ml. heparinized syringe until a 
satisfactorily low level of blood pressure was 
obtained. That level was maintained by the inter- 
mittent removal of suitable quantities of blood. 

Spinal anaesthesia. Lumbar puncture was per- 
formed by the method described by Hill and 
Macdonald (1932). The animal was placed on 
its left side and a No. 16 hypodermic needle 
passed in the mid-line of the spine into the sub- 
arachnoid space, usually between the 4th and Sth 
lumbar vertebrae. As soon as a free flow of 
cerebro-spinal fluid was obtained 10 mg. of pro- 
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caine or amethocaine, dissolved in 1 ml. of saline 
at approximately body temperature, was injected 
slowly into the sub-arachnoid space. A fall in 
blood pressure followed almost at once. The 
needle was withdrawn, the animal turned on its 
back and measurements were commenced. 
Hexamethonium bromide. Hexamethonium 
bromide is a ganglion blocking agent the hypo- 
tensive effect of which was originally described by 
Paton and Zaimis (1951). In the present series the 
drug was given intravenously in doses of 2 mg./ 
kg. body weight as recommended by Paton (1951). 
Arfonad. Arfonad, a ganglion blocking agent 
recently introduced into clinical practice, is a thio- 
phanium derivative and was injected intravenously 
in a 0.1 per cent solution in saline. The dosage 
used was within the range originally described by 
Randall, Peterson and Lehmann (1949), 0.2 
mg./kg. body weight. 


RESULTS 


Figures 1 to 4 are typical examples of 
the results obtained by inducing hypo- 
tension by means of each of the techniques 
described. From these figures it may be 
seen that the commencement of the fall in 
oxygen consumption is virtually synchro- 
nous with the fall in blood pressure. It is 


IG. 1 
Reproduction of experimental tracing showing 
reduction of oxygen consumption following the 
induction of hypotension by bleeding. Blood pressure 
expressed in mm. of mercury; time in 5 second 
intervals. 
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30 Secs. 


Fic. 2 


Reproduction of experimental tracing showing 

reduction of oxygen consumption following the 

induction of hypotension by spinal anaesthesia. Blood 
pressure expressed in mm. of mercury. 


apparent, then, that any factors concerned 
in the causation of the reduced oxygen 
consumption act rapidly. 

Tables I to IV illustrate the general ob- 
servation that, whenever hypotension is 
induced by any of the methods described, 
a fall in oxygen consumption occurs. 

Table I illustrates the results obtained 
by bleeding. As the blood pressure is 
readily controlled by this technique a wide 
range of hypotensive levels was obtained. 
The volume of blood withdrawn varied 
from 20 to 70 per cent of the estimated 
blood volume of the different cats and it 
will be seen that there is no apparent 
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Fic. 3 


Reproduction of experimental tracing showing 

reduction of oxygen consumption following the 

induction of hypotension by intravenous injection of 

hexamethonium bromide. Blood pressure expressed 
in mm. of mercury. 


relation between the fall in blood pressure 
obtained and the volume of blood with- 
drawn. Furthermore it is clear that there 
is no direct association between the reduc- 
tion in oxygen consumption, the degree of 
hypotension and the reduced blood 
volume. The fall in oxygen consumption 
varied between 20 per cent and 69 per 
cent of the resting value with an average 
of 47.7 per cent. 

The fall in oxygen consumption 
following sub-arachnoid block in 9 cats 
is indicated in table II. The smallest 
reduction was 11.5 per cent and the 
greatest 28.9 per cent. It is noteworthy 
that the greatest reduction in this group 
was below the level of the smallest in table 
I. The average decline in consumption 
was 21.2 per cent. 
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The effect on oxygen consumption of 
hexamethonium bromide is shown in table 
III. The drug was given to 5 cats and 
reductions in oxygen consumption vary- 
ing between 11.2 per cent and 26.5 per 
cent were obtained. The average fall of 
19 per cent is comparable with that ob- 
tained by the use of sub-arachnoid block. 

In the group of 5 cats given Arfonad, 
the reduction in oxygen consumption 
varied between 15 per cent and 27 per 
cent as illustrated in table IV. The mean 
value of 21.8 per cent is similar to the 
average obtained in groups two and three. 


DISCUSSION 
It is well known that a lowering of body 
temperature is associated with a fall in 
body metabolism and to avoid errors on 
this account body temperature has been 


30 Secs 


Fic. 4 


Reproduction of experimental tracing showing 
reduction of oxygen consumption following the 
induction of hypotension by intravenous injection of 
Arfonad (0.25 mg./kg. body weight) at signal mark. 
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TABLE I 
Haemorrhage 
Results of hypotension induced by bleeding. In the second and third columns the upper \ - 
figures indicate the control values, and the lower, the level of blood pressure and oxygen r is 
consumption respectively, after haemorrhage. nf 
— 
Total Vol. of blood 
Weight B.P. O.cons. removed Decrease Per cent 
in kg. mm.Hg ml. /min. ml. in O,cons. decrease 
2.25 130 18.3 50 12.5 69 
60 5.8 
3.5 140 23.6 85 13.9 59 
55 9.7 
2.25 130 14.1 75 8.3 59 
45 5.8 
2.0 80 11.3 4§ a3 29 
65 8.0 
y | 105 19.0 30 8.8 46 
90 10.2 
2.25 135 15.0 80 6.3 42 
30 8.7 
p Se 140 14.5 25 5.8 40 
90 8.7 
2.5 130 20.0 30 8.3 42 
80 11.3 
pe 120 22.6 20 9.7 43 
80 12.9 4 
TABLE II 


Spinal anaesthesia 


Results of hypotension induced by spinal anaesthesia. In the second and third columns the 
upper figures indicate the control values, and the lower, the subsequent level of blood pressure 
and oxygen consumption respectively. 


ig 
of 


Total 
Weight B.P. O.cons. Decrease Per cent 
in kg. mm.Hg ml. /min. in O,cons. decrease 

3.25 150 17.9 3.1 17.8 
110 14.8 

2.25 145 17.4 3.4 19.5 
70 14.0 

2.0 145 15.9 4.6 28.9 
70 11.3 

2.25 115 16.5 2.8 16.9 
75 13.7 

= 150 13.9 1.6 11.5 
60 12.3 

2.75 130 19.4 2.45 12.7 
70 16.95 

2.73 180 26.6 6.8 25.3 
70 19.8 

2.8 190 32.1 7A 22.3 
80 25.0 

2.8 140 21.1 4.6 21.8 


16.5 
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Taste 
Hexamethonium bromide 


Results of hypotension induced by intravenous injection of hexamethonium bromide. 


In the 


second and third columns the upper figures indicate the control values, and the lower, the 
subsequent level of blood pressure and oxygen consumption respectively. 


Total 
Weight B.P. O.cons. Decrease Per cent 
in kg. mm.Hg ml./min. in O,cons, decrease 
2.75 200 21.8 5.05 2a.7 
90 16.75 
3.25 160 18.7 3.1 14.7 
110 15.6 
2.3 140 18.05 3.62 20.0 
85 14.43 
2.25 160 14.85 3.95 26.5 
90 10.9 
2.75 150 17.0 1.8 11.2 
80 15.2 
TABLE IV 
Arfonad 


Results of hypotension induced by intravenous injection of Arfonad. In the second and third 
columns the upper figures indicate the control values, and the lower, the subsequent level of 
blood pressure and oxygen consumption respectively. 


Total 


Weight B.P. O.cons. Decrease Per cent 
in kg mm.Hg ml./min. in O.cons, decrease 
1.9 150 17.4 2.6 15.0 
50 14.8 
1.9 90, 16.3 3.95 24.2 
50 12.35 
3.25 120 20.0 4.3 21.5 
55 15.7 
2.3 100 15.77 3.37 21.3 
60 12.4 
1.9 140 17.9 4.9 27.2 
90 13.0 


artificially maintained within narrow 
limits; even so, the fall in oxygen con- 
sumption has been considerable. It is 
apparent then, that other explanations 
must be found. 

The fact that oxygen consumption falls 
when the blood pressure is reduced by 
bleeding has been reported previously. In 
1920 Aub noticed such a reduction when 
measuring the metabolism of cats suffer- 


ing from haemorrhagic shock, but could 
not relate the fall in oxygen consumption 
to the drop in blood pressure. He con- 
cluded that hypotensive states in them- 
selves may be associated with a lowering 
of the metabolic rate produced by some 
unknown mechanism. When the blood 
pressure rose to normal with the replace- 
ment of the extracted blood, the oxygen 
consumption increased simultaneously but 
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never exceeded the control level, indicat- 
ing that the body does not switch to an 
anoxic cycle of metabolism similar to that 
occurring during exercise, that is, no oxy- 
gen debt is built up during hypotension. 

Further work by Aub and Cunningham 
(1920) showed that the cardiac output was 
diminished in haemorrhagic shock and 
that this was associated with an increased 
arterio-venous oxygen difference. Tissue 
anoxia was held by them to be responsible 
for the decreased metabolism. 

Hertzman and Gesell (1927) also found 
that oxygen consumption was decreased 
during hypotension produced by haemor- 
rhage but offered no satisfactory explana- 
tion. They did however draw attention to 
the fact that pulmonary ventilation was 
increased following bleeding and that this 
increase was closely related to the size of 
the haemorrhage. This change in respira- 
tory volume was also noted in our 
series of experiments (fig. 1). From the 
increased activity of the respiratory 
musculature a rise in oxygen consumption 
rather than a fall might have been antici- 
pated. Gesell, Blair and Trotter (1922) 
however have pointed out that following 
haemorrhage there is a palpable loss of 
muscle tone generally, which would be 
expected to reduce the demand for oxygen 
and thereby reduce the consumption. 

Blalock (1927) like Aub (1920) has 
suggested that the reduction in oxygen 
consumption might be due to a disturbance 
of cellular metabolism produced by the 
hypotension. The consequent impairment 
of cellular functional activity would lead 
to an inability on the part of the tissues 
to utilize the oxygen provided. 

Alternatively, he postulated that the 
oxygen consumption might be reduced by 


the failure of the circulating blood to take 
up sufficient oxygen to meet the body 
requirements. Failure to take up suf- 
ficient oxygen may be due to the reduction 
in circulating haemoglobin but it is worth 
recording that Wiggers (1950) has stated 
that anaemic anoxia does not usually occur 
early in oligaemic shock as the haemato- 
crit value is not significantly reduced for 
some hours. 

The inability of the blood to provide 
sufficient oxygen may however be due to 
the general slowing of the circulation 
which follows bleeding. It has been shown 
that the percentage oxygen saturation is 
not reduced in shock (Doi 1921) but that 
cardiac output is lowered; and there is 
ample evidence that the arterio-venous 
oxygen difference is greatly increased 
(Aub and Cunningham, 1920; Wiggers, 
1950). Moreover, Henderson (1910) has 


-used the degree of venous anoxaemia as an 


index of the diminution in volume of blood 
flow through the tissues. A contributory 
factor to this anoxic state of the tissues is 
the intense vasoconstriction which follows 
blood loss. It is possible that, during 
hypotension induced by haemorrhage, 
certain tissues may have their blood supply 
reduced to the minimum necessary for 
survival by the selective action of the 
vasomotor centre. As such regional vaso- 
constriction cannot take place during 
sympathetic block produced by any 
method, it is conceivable that such a 
mechanism would account for some of the 
difference between the fall in oxygen con- 
sumption produced, when the blood pres- 
sure is reduced to a similar level by bleed- 
ing or by sympathetic block. Hypotension, 
subsequent to the administration of a 
spinal anaesthetic, is generally accepted to 
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be due to the removal of vasomotor tone by 
the blocking of the sympathetic outflow 
from the spinal cord. The earlier work of 
Pannett (1933) and Hill (1934) on 
cats in this respect has recently been 
confirmed in humans by Sancetta, Lynn, 
Simeone and Scott (1952) who have also 
demonstrated a fall in oxygen consump- 
tion and a reduction in cardiac output in 
the majority of their series of ten patients. 
They found no apparent correlation 
between the fall in oxygen consumption 
and the fall in blood pressure, but the fall 
in oxygen consumption was in the region 
of 10 per cent which the authors have 
partly ascribed to the removal of muscle 
tone and the association of decreased 
metabolic rate with hypotension (Aub, 
1920). 

A further explanation for the reduction 
in metabolism following total sympathetic 
block is provided by the work of Aub, 
Bright and Forman (1922) who found 
that adrenalectomy in itself reduces the 
basal metabolic rate of cats under urethane 
anaesthesia by an average of 12 per cent. 
This immediate effect was proved to be 
due to the elimination of the normal 
adrenaline secretion as no rise in meta- 
bolism was apparent for a number of 
hours following the injection of adreno- 
cortical extracts into the adrenalectomized 
animals. If however adrenaline was injec- 
ted at physiological rates, a rapid rise in 
metabolism was observed and this was 
equivalent to the fall which followed 
adrenalectomy. 

In the present series where there has 
been complete block of the sympathetic 
outflow which, in effect, would prevent 
any neurogenic secretion by the adrenal 
medulla, the absence of the normal com- 
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plement of adrenaline may very well 
account for a proportion of the fall in 
oxygen consumption. It is generally 
accepted that there is a great outpouring 
of adrenaline from the adrenal medulla 
and sympathetic nerve endings when 
hypotension follows haemorrhage; there- 
fore in these instances some increase in 
oxygen consumption might be expected to 
result from this mechanism. 

As opposed to hypotension induced by 
arteriotomy it is unlikely that tissue 
anoxia is a cause of reduced oxygen con- 
sumption in total sympathetic block. 
Griffiths and Gillies (1948) have stated 
that an arterial pressure of approximately 
30 mm.Hg is adequate to ensure an 
efficient circulation of oxygenated blood 
in the capillary bed in the normal subject 
under total spinal anaesthesia. 

The diminution in oxygen consumption 
produced by hexamethonium and Arfonad 
has been shown to be of the same magni- 
tude as that produced by spinal anaes- 
thesia. As these drugs are reputed to be 
ganglionic blocking agents it is conceivable 
that their effects on oxygen consumption 
are brought about by a similar mechanism 
to the total spinal anaesthetic. Although 
the pharmacological effects of hexa- 
methonium bromide and Arfonad are still 
incompletely understood, there is no evi- 
dence as yet to suggest that either hexa- 
methonium or Arfonad has a specific 
depressant effect on tissue metabolism. 
Nicholson, Sarnoff and Crehan (1953) 
have shown that a state of hypothermia is 
to be expected after the use of Arfonad, 
but this they attribute to a disturbance of 
the heat regulating mechanism of the 
body, brought about by the prolonged 
peripheral vasodilatation. McCubbin and 
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Page (1952) have shown that, in dogs at 
least, this peripheral vasodilatation is a 
direct effect on the vessels independent of 
any ganglionic blocking activity. 

A common factor in all these experi- 
ments is that the work done by the heart 
is diminished because of the fall in the 
blood pressure and the reduction in 
cardiac output. Thus a small part of the 
reduction in oxygen consumption may be 
due to the reduced metabolism of the 
cardiac musculature. 

From our results, it would appear that 
when hypotension is induced, there is a 
simultaneous reduction in oxygen con- 
sumption. When hypotension is induced 
by haemorrhage there is a greater decrease 
in Oxygen consumption than when hypo- 
tension is produced by any of the other 
methods described. 

The reduction in oxygen consumption 
is probably due to a number of mechan- 
isms acting together rather than to any 
single factor. There are however dif- 
ferences in the fall of oxygen consumption 
in hypovolaemic hypotension and normo- 
volaemic hypotension. 


SUMMARY 


(1) Four different methods of inducing 
hypotension in cats are described. 

(2) The oxygen consumption has been 
measured before and after the induction 
of hypotension. 

(3) It has been shown that an immediate 
reduction in oxygen consumption is 
invariably associated with a fall in blood 
pressure. 

(4) Possible explanations of this pheno- 
menon are discussed. 


(5) The mechanisms involved in hypo- 
volaemic hypotension appear to differ from 
those in normovolaemic hypotension. 
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PETHIDINE PHLEBITIS 


BY 


D. E. ARGENT AND O. P. DINNICK 
The Middlesex Hospital, London 


PETHIDINE hydrochloride is the ethyl 
ester of 1-methyl 4-phenyl piperidine-4 
carboxylic acid and was synthesized in 
1939 by Eisleb and Schaumann. It is 
chemically related to atropine and was 
primarily used as an analgesic in the first 
stage of labour. In 1949 it was introduced 
in this country as an adjunct to anaes- 
thesia by Mushin and Rendell-Baker. 

Side reactions from its use are un- 
common, although vomiting has been 
described and a case of acute sensitivity 
to its use was recorded by Giff (1947). 
Rapid intravenous injection will produce 
a marked fall in blood pressure and the 
depression of respiration which occurs 
with its use demands that care must be 
taken to avoid overdosage. 

The local reaction which follows intra- 
venous injection of the drug is of frequent 
occurrence, and a recent series by Wolfers 
(1953) showed that it occurred in 11 per 
cent of cases. Whilst no definite patho- 
logical process has been recorded from the 
use of intravenous pethidine hydro- 
chloride, the constant occurrence of 
this phenomenon deserves investigation, 
especially since nowadays as many as ten 
intravenous injections of various com- 
pounds may be given during the course 
of an anaesthetic with the consequent 
increased liability to post-operative super- 
ficial vein thrombosis. 

Although multiple punctures may be 


avoided by intravenous infusions or a 
Gordh or similar needle, the former is 
often unnecessarily complex, and in the 
latter technique precipitation of pethidine 
in thiopentone may block the needle. 


THE LOCAL REACTION 


The intravenous reaction following the 
injection of pethidine hydrochloride 
follows a typical form in each case. A 
series of these reactions were observed 
clinically and the reaction was shown to 
possess two main characteristics. 

(1) At the point of entry of the needle 
a red reaction occurs on an average within 
90 seconds. Within 240 seconds a wheal 
has appeared at the point of entry and a 
flare spreads around this point usually to 
a diameter of about 1.5 cm. Should any 
leakage of blood occur when making the 
injection the haematoma so formed shows 
the characteristics of a typical histamine 
reaction—the red entry point of the 
needle, a surrounding arteriolar flare and a 
large wheal, which within 300 seconds has 
usually developed pseudopodia. 

(2) A reaction in the skin occurs over 
the course of the vein into which the injec- 
tion has been made. That this reaction 
takes place in the skin may be seen in 
those patients whose areolar tissue is loose; 
the skin, still bearing its reaction, may be 
rolled away from the vein which although 
contracted is quite separate and distinct. 
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This reaction occurs within 3 minutes of 
the initial injection and its severity de- 
pends upon several factors which will be 
discussed later. 


PRESENTATION OF THE DRUG 


Pethidine hydrochloride (Roche) is 
supplied in ampoules of 50 mg. and 100 
mg. dissolved in 1.1 and 2.2 ml. of distilled 
water respectively, and contains 0.1 per 
cent chlorocresol as a bacteriostatic agent. 
We first considered chlorocresol as a 
causative agent for this phenomenon and 
experiments were carried out using pethi- 
dine hydrochloride dissolved in normal 
saline and distilled water without chloro- 
cresol and with a solution of chlorocresol 
in saline and distilled water. 

Fifteen mg. of pure pethidine hydro- 
chloride in distilled water was injected 
intravenously and produced a typical 
response. The experiment was repeated 
using 15 mg. of pure pethidine hydro- 
chloride dissolved in normal saline and 
again a typical response was obtained. The 
intravenous injection of 0.3 ml. of 0.1 per 
cent chlorocresol dissolved either in 
normal saline or distilled water produced 
no response. 

These results suggest that the reaction 
depends upon pethidine hydrochloride 
per se and not the solvent or the preserva- 
tive used in its preparation. 


FACTORS INFLUENCING THE REACTION 


The reaction following intravenous 
pethidine hydrochloride occurs more 
frequently in veins on the volar aspect of 
the forearm and on the dorsum of the 
hand, two frequently used sites for injec- 
tions in anaesthesia. It occurs more 
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frequently in those patients who are thin, 
and is seen more frequently in the older 
patient. 

The condition of the peripheral circula- 
tion affects the occurrence of the reaction, 
and the poorer this circulation the more 
readily does it occur. Similarly, the 
reaction will be seen more often if a venous 
“tourniquet” is left in situ (Finer and 
Partington, 1953). From this it is apparent 
that the reaction depends upon the length 
of time that the pethidine remains in con- 
tact with the vein wall. 

If several successive injections of pethi- 
dine are made into the same vein during 
the course of an anaesthetic the duration 
and severity of the reaction increases. 

Dilution of the pethidine hydrochloride 
tends to abolish the reaction and 100 mg. 
of pethidine diluted in 1 1. of saline and 
given slowly over several hours does not 
produce any reaction. Dilution up to 10 
mg. per ml. with normal saline, or distilled 
water, abolishes the reaction in the 
majority of cases but it will still occur in 
those subjects with a poor peripheral 
circulation. 

No correlation could be found between 
the occurrence of the reaction and the use 
of pethidine hydrochloride as a premedi- 
cation, nor with those cases who had 
received intravenous pethidine at a 
previous operation. Premedication with 
an antihistamine such as promethazine in 
50 mg. dosage did not prevent the occur- 
rence of the reaction. 

The persistence of the reaction depends 
upon the dose of pethidine used and the 
sensitivity of the patient concerned, but 
generally we found that 12.5 mg. of pethi- 
dine hydrochloride given undiluted pro- 
duced a reaction which was fully formed in 
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3—5 minutes and faded in 15-20 minutes. 
Larger doses of pethidine prolonged the 
reaction for periods up to 30-35 minutes 
and in one extremely susceptible subject 
the reaction was still present after 4 hours. 
Finer and Partington (1953), Zuck (1951) 
and Pearce (1951) observed this reaction 
and concluded that it was due to the 
liberation of histamine in the skin over- 
lying the vein, following permeation of 
the vein wall by pethidine hydrochloride. 
King, Elder and Dripps (1952) also com- 
mented upon it and observed that it 
occurred when using a pure preparation 
of pethidine. 

Schachter (1953) has shown that hista- 
mine can be liberated from the skin of cats 
by pethidine hydrochloride in large 
amounts, but intravenous injection in the 
cat does not show the presence of hista- 
mine at the distal end of the vein injected 
until extremely large doses of pethidine 
are injected. 

If these results hold true for man as for 
cats—and clinical experience suggests that 
this is so—we would suggest that the 
reaction is primarily a response to irrita- 
tion. Irritant solutions given intravenously 
cause spasm and increased permeability 
of the vein wall and frequently thrombosis 
of the vein. The pH and tonicity of solu- 
tions given intravenously may also affect 
the endothelial lining. Pethidine hydro- 
chloride has a molecular weight of 283.5, 
and 100 mg. in 2.2 ml. is hypotonic. 
Hypotonic solutions do not affect the vein 
wall when injected in small amounts— 
less than 20 ml.—owing to the rapid 
mixing with the blood stream. 

The pH of pethidine hydrochloride as 
supplied by the manufacturers is 5.6 and 
it seems unlikely that this degree of acidity 
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will damage the vein walls, since d-tubo- 
curarine with a pH of 4.2 does not. Whilst 
the occurrence of this reaction does not 
cause much alarm in the normal subject, 
in those patients with a history of or 
a tendency towards venous thrombosis or 
where the preservation of patency in the 
few existing superficial veins is of utmost 
importance some method of reducing the 
reaction must be employed. 

It was considered that procaine hydro- 
chloride was worthy of trial as a diluent. 
It is a readily available analgesic with 
some antihistamine properties and with no 
undesirable side effects in the dosage that 
would be employed. Furthermore its 
value in overcoming and preventing 
vascular spasm is well known. 

Accordingly solutions of pethidine 
hydrochloride were diluted to 10 mg. per 
ml. in 0.25 per cent procaine hydro- 
chloride. No reactions were obtained with 
this dilution in patients who previously 
had shown a marked reaction with both 
concentrated solutions and _ solutions 
which had been diluted in normal saline. 
Furthermore protection was obtained 
against a further injection of concentrated 
solution into the same vein. This protec- 
tion lasted for about 40 minutes. 

It is recommended, therefore, that: 

(1) Pethidine hydrochloride when 

given intravenously should always 
be diluted in either normal saline 
or distilled water, 10 mg. per ml. 
being a convenient compromise. 
In those individuals with a history 
of or a tendency towards venous 
thrombosis, the pethidine hydro- 
chloride should be diluted with 
0.25 per cent procaine hydro- 
chloride. 


(2) 


PETHIDINE PHLEBITIS 


(3) Concentrated solutions of pethidine 
hydrochloride should not be injec- 
ted into transfusion tubing as the 
presence of an irritant solution 
together with an indwelling needle 
may well be the cause of some of 
the post-operative “drip arms” 
which we see far too frequently at 
the present time. 


SUMMARY 


Pethidine hydrochloride solutions are 
irritant to the vein wall when injected 
intravenously and produce subsequent 
liberation of histamine in the skin over- 
lying the vein. 

This response may be lessened con- 
siderably by adequate dilution of the 
drug, 10 mg. per ml. being satisfactory. 


Complete protection may be obtained 
by dilution with 0.25 per cent procaine 
hydrochloride to the same strength, 10 mg. 


per ml. 
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ANAESTHESIA IN THE KNEE-CHEST POSITION 
BY 


A. EARNSHAW 
Christie Hospital and Holt Radium Institute, Manchester 


THE knee-chest position is used here for 
the insertion of radium, in the treatment 
of carcinoma of the uterine cervix. With 
the anaesthetized patient in that position, 
the vagina lies widely open and this 
facilitates 

(i) finding the cervical canal, which 
since the cervix is often much deformed 
by the disease, may be relatively difficult; 

(ii) packing the radium ovoids into the 
vaginal fornices, well forward and away 
from the rectum. This minimizes the 
rectal reaction and the risk of recto- 
vaginal fistula. 

At this hospital each patient has two 
insertions of radium with an interval of 
one week between them; the radium is 
removed in the wards after approximately 
72 hours. Treatment in two stages means 
that two anaesthetics are necessary for 
patients who are often poor anaesthetic 
risks. The treatment is necessary and the 
anaesthetic risks are worth taking because 
the terminal stages of untreated cervical 
carcinoma are so very unpleasant. The 
knee-chest position should be used when- 
ever possible, as inaccurate placement of 
radium may well worsen the condition of 
the patient rather than alleviate it (Tod, 
1948). 


TECHNIQUE 


The usual premedication is morphia 
gr. 1/6 (10 mg.) and atropine gr. 1/100 
2 


(0.65 mg.); very old, frail or sick patients 
are given atropine only. 

The conscious patient is lifted on a 
stretcher on to the operating table (fig. 1), 
and a rubber tourniquet is tied round her 
left forearm. She is then helped to turn 
over on the table and to kneel with her 
thighs against the uprights—to which they 
are strapped. She turns her face to the 
anaesthetist, and rests her left cheek on a 
rubber cushion; a head-board prevents her 
sliding towards the head of the table. Her 
left arm is extended under her chest 
towards the anaesthetist; the veins of the 
left hand and forearm are by now well 
distended by the pressure of the tourni- 
quet, and venepuncture is usually easy. A 
ward sister stands on the patient’s left side, 
leans across her back, and holds her right 
shoulder up and back. The patient’s lower 
shoulder is pushed through towards the 
anaesthetist until the head is slightly 
extended (figs. 2 and 3). If these steps are 
omitted—R. shoulder up, L. shoulder 
pushed through, head extended—obstruc- 
tion of the airway is almost certain to 
occur. 

Intermittent injection of intravenous 
thiopentone usually proceeds as follows: 

4 ml. of 5 per cent thiopentone; 

perineum is swabbed down and buttocks 

are draped; 

3 ml. thiopentone; 

vaginal speculum is inserted; 

3 ml. thiopentone; 
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Fic. 1 


cervical canal is dilated, and radium is 
inserted; 

2 ml. more thiopentone is usually neces- 
sary before the radium is firmly 
packed in position with a gauze pack. 
It is most important that there should 
be no reflex contraction of the pelvic 
floor muscles during packing, as this 
tends to displace the ovoids in the 
vaginal fornices — nullifying the 
worth of the whole procedure, and 
indeed endangering normal tissues. 

In this way, any tendency to apnoea, 

after an injection of thiopentone, is timed 
to be countered by a stimulating pro- 
cedure. After 10 ml. of thiopentone have 

Cc 


been injected most patients will allow their 
tongues to be held forward; this is a far 
more effective way of maintaining a clear 
airway than “chin-holding”, and a tug 
against the anaesthetist’s fingers is a timely 
warning that more thiopentone is neces- 
sary. Most patients require about 12 ml. 
of thiopentone for the procedure, which 
takes about ten minutes. 

Oxygen is administered by a face-mask 
to anaemic or very frail patients; no other 
gases are given. A pharyngeal airway is 
often inserted gently as the patient leaves 
theatre for the X-ray department. By the 
time they return to their wards, most 
patients are awake. 
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MISHAPS AND PRECAUTIONS 

Some patients regurgitate; this is 
usually fluid, which runs out of the mouth 
and nose. The mouth and pharynx are 
wiped out with a gauze swab before the 
patient is turned on her back at the end 
of the operation. 

Coughing and a tendency to laryngeal 
spasm may occur. More trouble occurs 
from using too little thiopentone than from 
pushing it within the limits of spontaneous 
respiration. 

Collapse, with depression of breathing 
and pulse, occasionally occurs. In such a 
case the operation is halted, the patient 
turned flat on her back, and resuscitation 
begun by inflation of the lungs with 
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oxygen and intravenous injections if 
necessary. The operation can usually be 
completed in the lithotomy position, but 
with the risk of less perfect placing of the 
radium than could be expected in the 
knee-chest position. 

The anaesthetic machine is always in 
the theatre, and the oxygen cylinder is 
turned on. A laryngoscope, endotracheal 
tube, and pharyngeal airways are kept on 
the machine;ampoules of suxamethonium, 
methylamphetamine and nikethamide are 
always on the anaesthetic trolley. 


DISCUSSION 


A criticism of this technique of inter- 
mittent thiopentone anaesthesia, is that it 


Fic. 2 


t it 
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pushes a drug which is primarily narcotic 
in action, and uses it for analgesia and 
moderate relaxation. On the other hand, 
the technique is simple and quick—an 


Fic. 3 


important consideration when an average 
session involves a dozen cases. It is very 
difficult to put an anaesthetized patient in 
the knee-chest position, and once a con- 
scious patient is in this position, intra- 
venous anaesthesia is the only reasonable 
method to use.. Intravenous pethidine is 
unpredictable in its effect on res»iration, 
and the knee-chest position is a difficult 
one in which to assist or control respira- 
tion, should this become necessary. The 
administration of gases as adjuvants to 
thiopentone makes the anaesthesia very 
complicated, as one’s hands are usually 
full giving the intermittent injections and 
maintaining a clear airway. 
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ON CHLOROFORM AND OTHER ANX:STHETICS 
THEIR ACTION AND ADMINISTRATION 
BY 


JOHN SNow, M.D., 
Licentiate of the Royal College of Physicians 


HISTORICAL INTRODUCTION 

THE most important discovery that has 
been made in the practice of medicine 
since the introduction of vaccination, is, 
undoubtedly, the power of making persons 
perfectly insensible to the most painful 
surgical operations, by the inhalation of 
the vapours of ether, chloroform, and 
other agents of the same kind. 

In giving a brief outline of this 
discovery, it is necessary to inquire 
into the attempts of every kind which had 
previously been made to prevent severe 
pain; and also to notice the history of 
medicinal inhalations, whether undertaken 
with the view of preventing pain, or of 
relieving or curing disease. 

The practice of taking opium and other 
vegetable narcotics, to relieve pain or pro- 
cure sleep, was common in the most 
remote periods to which history extends; 
but the earliest notices which remain of 
any attempts to prevent the pain of surgi- 
cal operations were written at the period 
of the Roman Empire. They were alluded 
to by Dr. Simpson at the Medico- 
Chirurgical Society of Edinburgh in 
November, 1847.* Dioscorides,+ speak- 
ing of mandragora, says, ““ Some persons 
boil the root in wine down to a third part, 
and preserve the decoction, of which they 


* See Monthly Journal of Med. Sc., vol. viii, p. 452. 
* Liber iv, cap 76. 


administer a cyathus (rather more than an 
ounce and a half) in want of sleep and 
severe pains of any part, and also before 
operations with the knife or the actual 
cautery, that they may not be felt.” (Ante 
sectiones ustionesve, ut ne sentiantur.) 
Further on he says: “ A wine is prepared 
from the bark of a root without boiling, 
and three pounds of it are put into a cadus 
(about eighteen gallons) of sweet wine, and 
three cyathi of this are given to those who 
require to be cut or cauterized: when 
being thrown into a deep sleep they do not 
feel any pain.” 

The same author also adds, in speaking 
of a kind of mandragora called morion, 
“They relate that a drachm of it being 
taken as a draught, or eaten in a cake or 
other food, causes infatuation, and takes 
away the use of the reason. The person 
sleeps without sense, in the attitude in 
which he ate it, for three or four hours 
afterwards. Medical men also use it when 
they have to resort to cutting or burning.” 

In treating of mandragora, Pliny$ 
remarks that the juice of the leaves is more 
powerful than the preparations made from 
the root. He says: “Some persons even 
die from a considerable draught. It has 
the power of causing sleep in those who 
take it. The dose is half a cyathus (six 


t Loc. cit. 
§ Natural Hist., lib. xxv, cap. 13. 
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drachms). It is taken against serpents, 
and before cuttings and puncturings, lest 
they be felt. For these purposes it is suf- 
ficient for some persons to have sought 
sleep from the smell (of the medicine).” 

Apuleius,* under the head mandra- 
gora, says: “If any one eat it he will 
immediately die, unless he be treated with 
butter and honey, and vomit quickly. 
Further, if any one is to have a limb 
mutilated, burnt, or sawn, he may drink 
half an ounce with wine, and whilst he 
sleeps the member may be cut off without 
any pain or sense.” 

After reading the above passages from 
such well-known authors, it may be asked 
how it was that the practice of preventing 
the pain of surgical operations was 
entirely unknown just prior to 1846. 

The reason, no doubt, was that the 
statement these passages contain was 
looked upon as a vulgar error of the period, 
which had imposed on the credulity of the 
authors. Dr. Woodville,+ speaking of the 
use of mandragora by the ancients, says, 
“They employed it principally in con- 
tinued watchings, and in those more pain- 
ful and obstinate affections which were 
found to resist less powerful medicines.” 
He gives, in a foot note, a reference to the 
place in Dioscorides from which the pas- 
sages above quoted are taken, and had he 
believed in the performance of operations 
without pain, we may conclude he would 
not have passed over so important a fact 
in silence. 

With the knowledge we at present 
possess, however, a different view must be 
taken of the subject; and it must at least 
be allowed that the statements of the 


* De Herbarum Virtutibus, cap. 131. 
+ Medical Botany, p. 236. 


ancients had some foundation in truth. 
This is rendered more certain by the 
circumstance that atropa mandragora 
belongs to the same genus as belladonna, 
which has a greater power in annulling 
the common sensibility than any plant in 
present use, unless it be aconite. The loss 
of reason, described by Dioscorides as 
caused by mandragora, is a striking symp- 
tom of poisoning by the class of plants 
(the solanacez) to which it belongs. It 
appears from some remarks of Aretzust 
and Celius Aurelianus§ that people were 
in the habit of taking mandragora 4s an 
inebriating agent in the time of the 
ancients, as an allied plant, the datura, is 
used at present by the natives of India. 
This practice would lead to a correct 
knowledge of the quantity which might be 
taken with impunity. 

The mandrake is scarcely used in 
medicine at present, but its narcotic 
properties are well established. Hoffberg]| 
administered the root in doses of three 
grains in some cases of gout, with the 
effect of relieving the pain. 

Cases of poisoning by belladonna end, 
with very few exceptions, in recovery, 
however large the dose, and however 
alarming the symptoms may be; and, 
taking all the above circumstances into 
account, it is probable, that after ascer- 
taining the right quantity to be adminis- 
tered for the purpose, this medicine or 
mandragora might be used, with con- 
siderable success, and no great danger, 
to prevent the pain of operations, if 
chemistry had not supplied us with agents 
much more convenient. 


t De Causis Morb. Diut., lib. i. cap. 6. 
§ De Morbis Acutis, lib. i, cap. 4. 
|| Vet. Acad. Handl., 1763, vol. xxiv. p. 229. 
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Not many ages after the Greek and 
Roman authors above quoted were des- 
cribing the effects of mandrake in prevent- 
ing the pain of operations, another plant, 
the Indian hemp, was employed for the 
same purpose in a more remote part of the 
world. M. Stanislas Julien, in an article 
on Chinese Medicine,* gives a notice of a 
work entitled “Koukin-i-tong, or a 
General Collection of Ancient and 
Modern Medicine,” in fifty volumes, 4to., 
and makes an extract from it respecting 
Hoa-tho, a practitioner, who flourished 
under the dynasty of Wei, between 220 
and 230 of our era. Respecting Hoa-tho, 
it is stated that—“ When he found that it 
was necessary to employ acupuncture, he 
applied it in two or three places; he did 
the same with the moxa, if it was indicated 
by the nature of the affection which he had 
to treat. But if the malady was situated in 
parts on which the needle, the moxa, or 
liquid medicines could not act— for 
example, in the bones, in the medulla of 
the bones, in the stomach, or the intes- 
tines, he gave to the patient a preparation 
of hemp (Ma-yo), and, at the end of some 
instants, he became as insensible as if he 
had been drunk, or deprived of life. Then, 
according to the case, he made openings 
and incisions, performed amputations, and 
removed the cause of mischief; he then 
brought together the tissues with points of 
suture, and applied liniments. After a 
certain number of days (at the end of a 
month, according to the annals of the later 
HAn) the patient found himself re-estab- 
lished, without having experienced the 
slightest pain during the operation.” 

We are not informed of the way in 


~ * Comptes Rendus de I'Acad. de Sc., t. xxviii, 1849, 
p. 195 
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which the hemp was administered. If 
insensibility was caused so quickly, as is 
stated, it must have been by inhaling the 
fumes of the hemp when exposed to heat, 
and not by taking it into the stomach. This 
view of the matter is rendered more pro- 
bable by the circumstance that the ancient 
Scythians were in the habit of inhaling the 
fumes of hemp,} several centuries before 
the time of Hoa-tho, and also by the prac- 
tice of the Hindoos at present, who inhale 
the fumes of hemp from a pipe. The 
remark that the patient became re-estab- 
lished at the end of a certain number of 
days, must refer to his recovery from the 
wound caused by the operation, and we 
are not informed how long the state of 
insensibility continued. 

The next notice of any attempt to pre- 
vent the pain of operations, that I am 
aware of, occurs in the work on Surgery 
of Theodoric, an author who lived in Italy 
in the latter half of the thirteenth century. 
He writes as follows: ¢ “ The making of a 
flavour for performing surgical operations 
according to Dominus Hugo. It is thus 
made: —take of opium, of the juice of the 
unripe mulberry, of hyoscyamus, of the 
juice of hemlock, of the juice of the 
leaves of mandragora, of the juice of 
the woody ivy, of the juice of the forest 
mulberry, of the seeds of lettuce, of 
the seeds of the dock, which has large 
round apples, and of the water hemlock 
| cicuta |—each an ounce; mix all these in 
a brazen vessel, and then place in it a new 
sponge; let the whole boil, as long as the 
sun lasts on the dog days, until the sponge 
consumes it all, and it is boiled away in it 
(the sponge). As oft as there shall be need 


+ See Herodotus, book iv, 73-5. 
t Lib. iv, cap. 8. 
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of it, place this sponge in hot water for an 
hour, and let it be applied to the nostrils 
of him who is to be operated on, until he 
has fallen asleep; and so let the surgery 
be performed. This being finished, in 
order to awaken him, apply another 
sponge, dipped in vinegar frequently to 
the nose, or throw the juice of the root of 
fenugrek into the nostrils; shortly he 
awakes.” 

I altogether disbelieve that a sponge, 
prepared as above would, after being 
placed in hot water, give off any odour or 
vapour which would cause insensibility. 
The active ingredients, as they exist in the 
various plants, are not sufficiently volatile 
to be given off at a heat below that of 
boiling water. Hemlock, indeed, contains 
a volatile principle, which can be liberated 
by an alkali; but, even if it were set free 
by any chance during the preparation of 
the sponge, it would all be dissipated by 
the long boiling. 

If sleep were really caused in this way, 
it must have been by some of the moisture 
from the sponge reaching the mouth or 
throat, and being swallowed; and it may 
be remarked that the author speaks of the 
preparation of a taste or flavour (confectio 
saporis), rather than an odour, although 
the sponge is certainly directed to be 
applied to the nostrils. It must be re- 
marked also, that if the patient were made 
so insensible, as not to feel the surgeon’s 
knife, he would be little affected by 
vinegar, or the juice of fenugrek, in his 
nostrils. 

Immediately after the prescription 
quoted above, and in the same paragraph 
with it, Theodoric gives another recipe 
from Master Hugo, directing antimony, 
quicksilver, soap, quick lime and a little 


arsenic, to be sublimed together. A portion 
of the resulting compound, the size of a 
nut, is directed to be placed over a hernia, 
or whatever else is to be operated on. Then 
follows a rather lengthy direction for 
subliming arsenic, also from Dominus 
Hugo. The arsenic so sublimed is des- 
cribed as rendering surgical operations 
extremely pleasant. The words are—‘“hec 
acus flat mitis et suavis: sicut sudor 
beate virginis quum peperit Christum.” 

I have applied arsenic to the skin for 
twenty-four hours, with no other effect 
than irritation and an eruption of pimples, 
the sensibility of the part being increased; 
and in my opinion, arsenic would not 
cause insensibility, unless it were applied 
so long that the inflammation caused by it 
should end in gangrene. I consider that 
the statement of Theodoric, respecting 
arsenic, strengthens the doubts I have 
expressed concerning his spongia somni- 
fera. There is another reason for disputing 
the efficiency of the above mentioned 
recipes. Theodoric directs the patients 
about to undergo operations to be tied, or 
held by strong men. In the operation for 
hernia, for instance, he directs the patient 
to be tied to the bench, or table, with three 
bands, one round the ankles another round 
the thighs, and a third across the chest, 
holding the arms and hands. This circum- 
stance is the more significant, since Theo- 
doric had lived some time with Hugo, and 
seen his practice, as he states in the dedica- 
tion to his work. 

It is reasonable also to conclude that if 
any successful plan of preventing the 
pain of surgical operations had been 
introduced after the revival of literature, 
it would not have fallen into disuse and 
been forgotten. 
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In an interesting paper by Dr. Silvester,* 
an anecdote is quoted, with an intention to 
show that anesthetics were commonly 
had recourse to in severe operations as late 
as the end of the seventeenth century. The 
quotation is from a German work by A. G. 
Meissner, called Skizzen, or Sketches, and 
published at Carlsruhe in 1782. It is as 
follows : — 

“ Augustus, King of Poland and Elector 
of Saxony, suffered from a wound in his 
foot, which threatened to mortify. The 
court medical men were opposed to the 
operation of amputation; but during sleep, 
induced by a certain potion surreptitiously 
administered, his favourite surgeon, Weiss, 
a pupil of Petit, of Paris cut off the decay- 
ing parts. The royal patient was disturbed 
by the proceeding, and inquired what was 
being done, but on receiving a soothing 
answer he again fell asleep, and did not 
discover till the following morning, after 
his usual examination, that the operation 
of amputation had really been performed.” 

It is most probable that the potion 
surreptitiously administered in this case, 
was an ordinary sleeping draught, and that 
only the “ decaying parts” were cut off, 
as in fact is stated. The decaying parts 
of course would be without feeling. 

The mind of surgeons seems now and 
then to have turned spontaneously towards 
preventing or alleviating the pain of opera- 
tions, and certain attempts and suggestions 
were made with this object during the 
later part of the last century, in apparent 
ignorance of what had been done by the 
ancients in this direction. 

Ambroise Tranquille Sassard, principal 
surgeon of the Hospital la Charité at 


* Med. Gaz., vol. xli, p. 515. 
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Paris, recommended the employment of a 
narcotic previous to serious and painful 
operations, the dose to be proportioned to 
the age and strength of the patient.t He 
does not state whether the plan was 
actually tried. 

Mr. James Moore, surgeon,{ recom- 
mended compression of the large nerves, 
and tried it on a patient in St. George’s 
Hospital, whose leg Mr. John Hunter 
amputated below the knee. The crural 
and sciatic nerves were compressed for 
nearly an hour by an instrument contrived 
for the purpose, and Mr. Moore con- 
sidered that the greater part of the pain 
was prevented. The patient complained 
more of the sawing of the bone than of the 
cutting part of the operation. I am not 
aware whether this plan was tried in other 
instances, but it is certain that it did not 
come into general use. 

M. le docteur Liégard (de Caen) has 
stated,$ that the peasants in his part of 
France are in the habit of tying a band 
very tightly round the arm or leg before 
operations on the extremities. He had 
himself removed a toe nail in two cases, 
without pain, after a handkerchief had 
been tied very tightly round the lower part 
of the leg. By this measure both the nerves 
and blood vessels are, of course, more or 
less compressed. 

The persons who believe in the exis- 
tence of a force or power, which they call 
Mesmerism, or animal magnetism, made 
many and persevering efforts in recent 
times to cause insensibility to the surgeon’s 
knife. In some cases they were imposed 


+ Observations sur la Physique, tome xvi (1780), 
p. 256. 

t Method of preventing or diminishing Pain in 
several Operations of Surgery. Lond. 1784. 

§ Gazette des Hépitaux, Ist April, 1854, 
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on by dishonest and designing patients, 
who afterwards confessed they had suf- 
fered the pain to which they had pretended 
to be insensible, but in other cases I have 
no doubt of the operations having really 
been performed without pain. Absence of 
consciousness and sensation is a common 
symptom in many cases of hysteria and 
catalepsy, and in certain susceptible per- 
sons, hysteria and catalepsy, or conditions 
nearly resembling them, can be induced by 
acting on the imagination, or by exhaust- 
ing the attention by means of the fixed 
stare and monotonous “ passes ” of the so- 
called Mesmerisers. 

Dr. Esdaile was more successful in put- 
ting Hindoos to sleep, and operating on 
them in the hypnotized* state, than any 
one has been with Europeans: yet it was 
only in a portion of the cases in which it 
was tried that the alleged agent took effect. 
In many instances, efforts continued for 
two or three months had no effect on the 
patient; and in many of the operations, 
which were reported as successful, “ there 
was much convulsive movement of the 
limbs, corrugation of the brows, and even 
loud cries and sobs,” although the patients 
afterwards denied all knowledge of what 
had passed.t 

The discovery of the means of prevent- 
ing pain, which will occupy the greater 
number of the following pages, did not 
arise out any of the attempts, either in 
ancient or modern times above enumera- 
ted. It sprung directly from the practice 
of inhaling chemical and medicinal sub- 
stances. 


. Hypnotion is the term » employed by Mr. Braid of 
Manchester for the peculiar sleep produced by the 
Mesmerists. 

+ Record of Cases treated in the Mesmeric Hospital. 
Calcutta, 1848. 
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The custom of inhaling the fumes of 
narcotic plants existed at the very com- 
mencement of the historic period, as 
appears by the following passages from 
Herodotus. Speaking of the people who 
inhabited some small islands on the river 
Araxes, which flows into the Caspian Sea, 
he says,{ “ They add that they have dis- 
covered other trees that produce fruit of a 
peculiar kind, which the inhabitants, when 
they meet together in companies, and have 
lit a fire, throw on the fire as they sit 
round in a circle; and that by inhaling the 
fumes of the burning fruit that has been 
thrown on, they become intoxicated by the 
odour, just as the Greeks do by wine; and 
that the more fruit is thrown on, the more 
intoxicated they become, until they rise up 
to dance and betake themselves to 
singing.” 

Again, when treating of the funeral 
ceremonies of the Scythians, he says,§ 
“When they have set up three pieces of 
wood, leaning against each other, they 
extend round them woollen cloths; and 
having joined them together as closely as 
possible, they throw red-hot stones into 
a vessel placed in the middle of the pieces 
of wood and the cloths. They have a sort 
of hemp growing in this country very like 
flax, except in thickness and height; in this 
respect the hemp is far superior; it grows 
both spontaneously and from cultivation; 
and from it the Thracians make garments 
very like linen, nor would any one who is 
not well skilled in such matters distin- 
guish whether they are made of flax or 
hemp, but a person who has never seen this 
hemp would think the garment was made 
of flax. When, therefore, the Scythians 


Cary’ ‘Herodotus, book i, 202. 
§ Book iv, 73-5. 
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have taken some seed of this hemp, they 
creep under the cloths, and then put the 
seed on the red-hot stones; but this, being 
put on, smokes, and produces such a 
steam, that no Grecian vapour-bath would 
surpass it. The Scythians, transported 
with the vapour, shout aloud; and this 
serves them instead of washing, for they 
never bathe the body in water.” 

Mental illusions of all kinds have fre- 
quently been looked on as divine revela- 
tions, not only by savages, but even by 
nations having a considerable amount of 
civilization. The priestess at Delphos be- 
came intoxicated with the fumes of narco- 
tic plants before delivering her oracular 
responses, and it is a curious circumstance 
that when America was discovered by 
Columbus, it was the custom of the 
Indians to throw tobacco on the fire during 
their religious ceremonies, when the 
piaches, or priests, who officiated, were 
thrown into a state of ecstatic inebriation 
by the smoke they inhaled. 

I have already stated my belief that the 
Indian hemp administered, previous to 
surgical operations in China by Hoa-tho, 
in the beginning of the third century of our 
era, was exhibited by inhalation. 

The fumes of various narcotic plants are 
inhaled by eastern nations at present, for 
smoking in the east is an entirely different 
process from smoking in the west of 
Europe, where the fumes of tobacco are 
merely drawn into the mouth and then 
puffed out again. In Asia and some of the 
eastern parts of Europe, the fumes of 
opium, tobacco, datura, Indian hemp, or 
whatever else is smoked are always inhaled 
into the lungs. 

John Baptista Porta of Naples makes 
the following statement in his work on 
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Natural Magic,* published in 1597: — 

“ At last shall be related a wonderful 
method by which any sleeping person may 
inhale a soporific medicine. From what we 
have said, anyone will easily know that he 
is liable to suffer severely after sleep 
caused by medicine, and to have his sus- 
picions aroused. 

“* But the quintessence is extracted from 
a number of the above named medicines 
by somniferous menstrua. This is put into 
leaden vessels perfectly closed, lest the 
least aura should escape, for the medicine 
would vanish away. When it is used, the 
cover being removed, it is applied to the 
nostrils of the sleeping person, he draws 
in the most subtile power of the vapour by 
smellings, and so blocks up the fortress of 
the senses that he is plunged into the most 
profound sleep and cannot be roused with- 
out the greatest effort. After the sleep, no 
heaviness of the head remains, nor any 
suspicion of trick or fraud. These things 
are plain to the skilled physician, but un- 
intelligible to the wicked.” 

The author does not make known what 
the “somniferis menstruis” were, with 
which the “ quinta essentia ” were extrac- 
ted. As sulphuric ether had been described 
more than fifty years before he published 
his work, it is not improbable that this was 
the evanescent substance which required 
to be so carefully closed up, and that the 
profound sleep was simply caused by this, 
as the narcotic principles dissolved in it 
would remain in the bottle in the form of 
extracts. The benefit of inhalation has 
been frequently attributed to medicines 
which were supposed to be inhaled, when 
it was really due to the menstruum in 


* Liber viii, cap. 1. 
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which the medicines were dissolved. This 
often happens at present when the men- 
struum is merely water. - Baptista Porta 
does not say that operations were per- 
formed under the influence of the inhala- 
tion, or, in fact, that it was applied to any 
useful purpose whatever. 

The Persian Pharmacopeeia* contains 
some recipes for fumigation called bouc- 
houri, that were inhaled, for the medicines 
are directed to be made up into balls, or 
cubes which are to be placed on the live 
coals, and the head is to be held over them. 
Some of the prescriptions contain myrrh, 
camphor, mace, and storax, and are for the 
cure of coryza and catarrh; one containing 
musk, camphor, guaiacum, etc., is said to 
comfort the brain and intellect and to be 
useful in palpitation of the heart, faintness, 
and debility of the senses. This Pharma- 
copeeia also containst a “remedium 
odorativum somniferum ”’, which consists 
of opium and camphor, besides the seeds 
of roses and the root of mandragora. The 
ingredients are to be powdered and put in 
a box, for the purpose of being smelt at. 
There is alsot a stupifying remedy pre- 
pared with five drachms of opium and ten 
drachms of black poppy, which are direc- 
ted to be boiled to dryness in water with 
a pound of wheat and then powdered. It 
is added that whoever shall take a drachm 
and a half of this wheat will be alienated 
from his senses. With regard to the last 
but one of the above prescriptions—that 
to be put in a box for smelling, it may be 
observed that, as heat was not applied, the 
only ingredient which would produce any 
effect is the camphor. 


* Translated into Latin by Father Angelus, Paris, 
1681, p. 21 

+P. 287. 

+P. 88. 


The discoveries of Cavendish, Priestley, 
Lavoisier, and others respecting the nature 
of atmospheric air and the more important 
gases, gave an impetus to medicinal in- 
halations, at the latter part of the last 
century. Dr. Beddoes, in particular, dis- 
tinguished himself by the administration 
of oxygen, hydrogen, carbonic acid, and 
other gases, in consumption and various 
diseases. Dr. Richard Pearson exhibited 
the vapour of ether in consumption with 
some advantage in the year 1795.§ Three 
years afterwards, a medical pneumatic 
institution was established at Bristol, by 
the exertions of Dr. Beddoes and others. 
The celebrated Humphry Davy was the 
superintendent. This establishment was 
not very successful in the immediate 
objects for which it was instituted, but 
Davy made at this place his masterly 
researches concerning nitrous oxide gas. 
In the course of his experiments, he found 
that severe pain arising from inflammation 
of his gums was relieved by breathing this 
gas, and he published the following 
opinion : — 

“As nitrous oxide in its extensive 
operation seems capable of destroying 
physical pain, it may probably be used 
with advantage during surgical operations 
in which no great effusion of blood takes 
place.”’|| 

This suggestion of Sir Humphry Davy 
was not acted on either by himself or any 
other person for nearly half a century, 
when the late Mr. Horace Wells, Surgeon 
Dentist of Hartford, Connecticut, having 
witnessed the exhibition of nitrous oxide 
gas by a public lecturer, named G. Q. 


§ See Medicinal Use of Different Kinds of Airs, by 
Dr. Pearson. Birmingham, 1795. 
| Researches concerning Nitrous Oxide, p. 556. 
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Colton, was induced, in consequence of 
what he saw of its effects, to request Mr. 
Colton to accompany him to his office 
and exhibit the gas to him, whilst another 
dentist, named Dr. Riggs, extracted a 
tooth for him which was troublesome. The 
tooth was extracted without pain, and Mr. 
Wells, after the effect of the gas had 
subsided, exclaimed, “ A new era in tooth 
pulling.” This took place on December 
11th, 1844.* Mr. Wells administered the 
nitrous oxide in thirteen or fourteen cases 
of tooth drawing in Hartford with a 
success more or less complete, and before 
the end of the year he repaired to Boston 
to introduce his discovery to the professors 
at the Massachusetts General Hospital. 
He called on Drs. Warren and Hayward, 
who invited him to exhibit the gas to one 
of the patients, who was expecting to have 
a limb amputated. He remained two or 
three days in Boston, but the patient 
decided not to have the operation per- 
formed at that time. The nitrous oxide 
was consequently tried on an individual 
who required to have a tooth extracted. 
This patient felt some pain, and the appli- 
cation was considered to be a failure. It is 
worthy of remark that Drs. Charles T. 
Jackson, and W. T. G. Morton, were 
present on this occasion. Mr. Wells 
returned to Hartford in disappointment. 
He expressed his opinion to his friends that 
the nitrous oxide gas was uncertain in its 
action, and not to be relied on; and he 
altogether abandoned the use of it until 
some time after Dr. Morton’s discovery of 
the effects of sulphuric ether in preventing 
pain. 

As long ago as 1818 an article, which 


* See 32nd Congress, 2nd Session [Senate] Rep. 
Com. No. 421, p. 17. 
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is believed to have been written by Mr. 
Faraday, appeared in the Quarterly 
Journal of Science and Arts,+ describing 
the great resemblance between the effects 
of the vapour of ether and nitrous oxide 
gas. This circumstance has since been 
published in all the standard works on 
chemistry; and it was the annual custom 
of the late Professor Turner, of University 
College, London, to pour a little ether into 
a bladder of air and allow some of the 
students to inhale the vapour, the same 
practice prevailed, more or less, in other 
colleges, both in Europe and America, 
when the lecture on ether was delivered. 
The resemblance between the action of 
nitrous oxide and that of vapour of ether 
was therefore extensively known. 

Dr. Morton, surgeon dentist of Boston, 
in America, administered sulphuric ether, 
by inhalation, to a man in his office, on the 
30th of September, 1846, and extracted a 
tooth without causing any pain. He 
applied the ether in several cases of a 
similar kind during the next few days. 
Having obtained the permission of Dr. 
J. C. Warren, he administered it to a 
patient in the Massachusetts General 
Hospital, on whom that surgeon per- 
formed an operation on the neck. On the 
following day, Dr. Morton exhibited ether 
to a woman in the same hospital, whilst 
Dr. Hayward removed a large fatty 
tumour from the arm, and after this date 
it was frequently administered. 

Dr. Morton was well acquainted with 
Mr. Horace Wells, before alluded to, and 
had been in partnership with him. Before 
administering the ether to his patient in 
September 30th, Dr. Morton had a con- 


+ Vol. iv. p. 158. 
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versation with Dr. Charles T. Jackson, 
Professor of Chemistry, respecting the 
safety and propriety of the application, 
and the names of these gentlemen were 
associated in a patent which they took out 
for the discovery. Dr. Jackson asserts that 
Dr. Morton knew nothing of the effects of 
the vapour of ether till he gave him the 
information; whilst the latter says it was 
his intention to use the ether before he 
went into Dr. Jackson’s laboratory. It 
seems impossible to arrive at the exact 
truth on this point, but it is admitted on 
all hands, that Morton was the first who 
administered ether to prevent the pain of 
an operation. Dr. Jackson* has indeed 
claimed the whole merit of the discovery, 
on the ground of the alleged information 
he gave to Dr. Morton; but, if every word 
Dr. Jackson says is admitted, it only 
appears that he suggested the use of ether 
to Dr. Morton, just as Sir Humphry 
Davy had suggested the use of nitrous 
oxide to all the world in the year 1800. 
Dr. Jackson had inhaled ether as hundreds 
of others had done, and being aware of 
Davy’s suggestion of nitrous oxide for 
preventing the pain of operations, he con- 
cluded that ether might also have that 
effect. 

It will be shown further on that Mr. 
Waldie, of Liverpool, had a greater share 
in the introduction of chloroform than Dr. 
Jackson had in the introduction of ether— 
even supposing that Dr. Morton was 
previously quite ignorant of that medicine; 
for when he informed Dr. Simpson of the 
existence and nature of chloroform, he 
was able to give him, not merely an 
opinion, but an almost certain know- 


* A Defence of Dr. Charles F. Jackson’s Claims to 
the Discovery of Etherization. Boston, 1848. 
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ledge of its effects; yet Dr. Simpson is 
justly considered to be the person who 
discovered and introduced the use 
of undiluted chloroform as a substitute 
for ether. 

The practice of the ancients in giving 
mandragora and Indian hemp has no con- 
nection with the recent discovery for pre- 
venting the pain of operations, which may 
be briefly related as follows: —Sir 
Humphry Davy made the suggestion that 
nitrous oxide gas might be employed for 
this purpose, and, at the end of forty-four 
years, Mr. Horace Wells carried this 
suggestion into practice, but failed to bring 
the nitrous oxide into general use, and gave 
the matter up. Two years later, Dr. 
Morton, who was well acquainted with the 
efforts of Mr. Wells, applied the vapour of 
ether, which was already known to 
resemble nitrous oxide in its action. He 
succeeded completely in preventing the 
pain of operations, and in bringing his 
discovery into general use throughout the 
civilized world. In a short time the in- 
halation of ether was found to be so safe 
and certain in its action, and to prevent 
the pain of operations so entirely, that the 
most ardent imagination could scarcely 
conceive that anything further could be 
desired in this direction. 

Dr. Morton withheld at first the name 
of the agent he was employing, but its 
strong and peculiar odour revealed it so 
plainly that concealment was impossible. 
Dr. Bigelow, of Boston, having tried sul- 
phuric ether, and found it to produce all 
the effects of the so-called letheon, he 
made the subject known, not only to his 
own countrymen, but also by letter to Dr. 
Boot of London. The first operation under 
the influence of ether on this side of the 
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Atlantic, was the extraction of a tooth, at 
the house of Dr. Boot, on Dec. 19th, 1846. 
Mr. Robinson, of Gower Street, adminis- 
tered the ether and performed the opera- 
tion. The patient was a lady, named Miss 
Lonsdale. The ether was quite successful 
in preventing the pain in this case, as well 
as in two operations performed at Uni- 
versity College two days afterwards, by the 
late Mr. Liston. These operations were 
amputation of the thigh, and evulsion on 
both sides of the great toe nail. The ether 
was given by Mr. Squire, of Oxford 
Street, with an apparatus which he con- 
trived for the occasion. 

Considerable opposition was made to 
the inhalation of ether in America, soon 
after its introduction, and it seemed likely 
to fall into disuse, when the news of its 
successful employment in the operations of 
Mr. Liston, and others in London, caused 
the practice of etherization to revive. Mr. 
Robinson, dentist, gave much time and 
attention to the exhibition of ether in 
London on its first introduction, and was 
on the whole very successful. This was 
not generally the case, however, with 
other operators during the first six weeks 
of the new practice. Owing to imperfec- 
tions in the inhalers employed and in the 
method of using them, the ether often 
either failed altogether or only made the 
patient partly insensible; and Mr. Liston, 
and some other surgeons, were inclined to 
discountenance the use of it, in conse- 
quence of the struggles and cries of 
patients to whom it had been administered. 

It soon became apparent, however, that 
the vapour of ether was capable of induc- 
ing a state of perfect quietude, with entire 
absence of pain, during all kinds of surgi- 
cal operations. From the 28th of January 
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the ether produced the desired effect in 
every operation that was performed in St. 
George’s Hospital, until the time when 
chloroform was introduced as a substitute 
for this agent.* 

Ether was employed in Paris a few days 
after its first application in London, and 
in a short time it was in use nearly all over 
the world. 

On the 19th of January 1847, just a 
month after the first application of ether 
for the prevention of pain on this side of 
the Atlantic, Dr. Simpson of Edinburgh 
administered the vapour in a case of 
labour, and ascertained that it was capable 
of removing the sufferings of the patient 
without interfering with the process of 
parturition. Etherization was soon after- 
wards employed in the reduction of stran- 
gulated hernia and dislocations of the 
femur and humerus, some of them of long 
standing. It was also used with advantage 
in neuralgia, tetanus, and the convulsions 
of infants, and it became more and more 
general in surgical operations. 

No great improvement in the practice of 
medicine was probably ever established 
so readily as the inhalation of ether for the 
prevention of pain. Yet it met with stout 
Opposition in certain quarters, and when 
a serious operation in which ether had been 
used terminated unfavourably, there were 
those who attributed the patient’s death to 
the new practice, although numerous other 
patients had sunk in exactly the same 
manner long before ether was used. In 
one of these cases a coroner’s inquest was 
held, and the jury returned a verdict that 
the death of the deceased was caused by 
the inhalation of ether, although the 


The Inhalation of the Ether in Surgical 
Operations. By John Snow. M.D. 1847. 
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patient had not even been made insensible 
by it, had felt all the pain of the operation, 
which was retarded by her struggles, and 
did not die till the third day. Notwith- 
standing a certain amount of opposition 
and mistrust, the inhalation of ether was 
becoming more general in the course of the 
year 1847, and there is every reason to 
conclude that it would very soon have 
obtained the complete confidence of the 
medical profession and the public, had it 
not been for circumstances which must 
next be considered. 

A medicine called chloric ether has been 
in use since 1831. It consists of a solution 
of chloroform in spirits of wine. It is some- 
what variable in strength, but usually con- 
tains about twelve per cent. of its volume 
of chloroform. Dr. Henry Jacob Bigelow 
of Boston tried this by inhalation, as well 
as other substances, when Dr. Morton first 
used sulphuric ether, but he did not 
succeed with it in causing insensibility to 
pain. Mr. Jacob Bell of London tried the 
chloric ether in the beginning of 1847, and 
succeeded in causing insensibility with it 
in some cases.* After this time the chloric 
ether was exhibited occasionally in St. 
Bartholomew’s and the Middlesex hospi- 
tals, and in the private practice of Mr. 
Lawrence, but it did not come into general 
use, Owing to its expense, and its fre- 
quently failing to cause insensibility. 

The relation of chloroform to chloric 
ether is exactly the same as that of opium 
to laudanum, and no one acquainted with 
this circumstance could doubt for a 
moment that chloroform inhaled alone 
would produce the effects which it did 
when inhaled from its solution in spirit; 


* Pharmaceutical Journal Feb. 1847, p. 357; and 
Med. Gaz., 1847, vol. xl, p. 939. 


the only uncertainty about the matter that 
could possibly exist would be whether it 
might not be too strong for use in its un- 
diluted state. 

The true nature of the so called chloric 
ether was, however, known to very few 
persons. It did not enter into the pharma- 
copeeias, and it was mentioned in very few 
of the works on materia medica. I 
examined a specimen of it, and found that 
its properties when inhaled were due to a 
volatile body containing chlorine, which 
evaporated first, leaving a great quantity 
of spirits of wine behind. I concluded that 
the volatile body was hydrochloric ether, 
and as this article is so volatile that it 
exists in the form of gas except in com- 
paratively cold weather, and consequently 
could not be conveniently used for inhala- 
tion, I did not consider the matter any 
further. M. Flourens had indeed experi- 
mented on animals with undiluted chloro- 
form, but was so struck with its great and 
dangerous power, that he was far from 
recommending its use in surgical practice. 

It was left for Dr. Simpson of Edin- 
burgh, who had already the merit of 
having discovered the use of inhalation in 
midwifery, to be the first to administer 
chloroform in an undiluted state, and to 
recommend it successfully for general use. 
Mr. Waldie, of the Apothecaries’ Hall of 
Liverpcol, first mentioned chloroform to 
Dr. Simpson, as the latter states in a foot- 
note to his first pamphlet on the subject. 
Mr. Waldie has given the following 
account of the circumstance in a pamphlet 
on chloroform.* 

“ When in Scotland, in October last, Dr. 
Simpson introduced the subject to me, 


* Quoted in Med. Gaz., 1847, vol. xl, p. 1153. 
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inquiring if I knew anything likely to 
answer. Chloric ether was mentioned 
during the conversation; and, being well 
acquainted with its composition, and with 
the volatility, agreeable flavour, and medi- 
cinal properties of the chloroform, I 
recommended him to try it, promising to 
prepare some after my return to Liverpool, 
and send it to him. Other engagements and 
various impediments prevented me from 
doing this so soon as I should have wished; 
and in the meantime Dr. Simpson, having 
procured some in Edinburgh, obtained the 
results which he communicated to the 
Medico-Chirurgical Society of Edinburgh 
on the 10th of November, and which ‘he 
published in a pamphlet entitled — 
‘Notice of a New Anesthetic Agent as a 
Substitute for Sulphuric Ether in Surgery 
and Midwifery ’.” 

Dr. Simpson’s first experiments with 
chloroform were made in the early part of 
November 1847, and his pamphlet on the 
subject, which was published on the 15th 
of that month, had a wide circulation, and 
created great interest. Chloroform was 
immediately used everywhere to a greater 
extent than ether had been. An impression 
became very prevalent that chloroform 
was safer than ether. This impression 
arose rather from the general tenour of Dr. 
Simpson’s essay than from any direct 
statement, for he had not treated on this 
point. 

The great strength of chloroform as 
compared with ether, and the extreme care 
required in its use, were indeed soon 
pointed out; these precautions, however, 
attracted but little attention till the first 
death from chloroform occurred near 


+ Lancet, Nov. 27, 1847, p. 575: and Med. Gaz., 
1847. vol. xl, p. 1031. 
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Newcastle on the 28th January, 1848. 
Ether was exhibited by inhalation during 
eleven months in Europe, and about six- 
teen months in America, before chloro- 
form was introduced. During all this time 
no death was occasioned by its use, if we 
except one at Auxerre in France, which 
appeared to be occasioned by want of air, 
owing to an imperfect inhaler, and not to 
the effect of ether. Chloroform had only 
been employed between two and three 
months when the above mentioned death 
occurred, and this was soon followed by 
others in nearly all parts of the world. 
These accidents have prevented many 
persons from inhaling chloroform, and 
they have prevented a still greater number 
from enjoying that freedom from anxiety 
and apprehension before an operation, 
which ought to be one of the greatest 
advantages of any plan for preventing 
pain. As chloroform possesses advantages 
over ether, in being more convenient and 
less disagreeable, it continues to be used, 
to the exclusion of the latter agent, in most 
parts of the world. In the Massachusetts 
General Hospital, however, where sul- 
phuric ether was first employed, it was 
resumed three or four years ago, and the 
use of chloroform was prohibited by the 
governors, on account of two accidents 
from it. Ether is also employed out of the 
hospital, both in surgical and obstetric 
practice, in Boston and the neighbour- 
hood; and I have been informed that this 
is also the case in Philadelphia, whilst in 


‘the state of New York both chloroform 


and ether are employed. I learned last 
year that ether was the agent employed for 
causing insensibility at Naples and at 
Lyons. 

Several volatile substances have been 


tried in a few cases with the effect of caus- 
ing insensibility, since the introduction 
of chloroform, but none of them came into 
use except amylene, which was first em- 
ployed by me in King’s College Hospital 
in November 1856, after I had made 
several experiments on animals with it, 
and inhaled small quantities of it myself. 
I have administered it in a great number 
of operations already, and find it to possess 
certain advantages over chloroform in the 
greater number of cases. Although it has 
not yet been generally employed in this 
country, it has been used extensively in 
Paris, Strasbourg, Lyons, and other places 


(To be continued) 
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on the continent, with very favourable 
results. 

It is not improbable that amongst the 
multitudes of new bodies which chemistry 
makes known every year, some agent may 
be found superior to those hitherto used; 
and besides the great practical advantages 
which are directly derived from the dis- 
covery of inhalation for the prevention of 
pain, the method of breathing medicinal 
substances in the gaseous state offers great 
facilities for the investigation of their 
effects, and cannot fail to hasten the time 
when the mode of action of medicines will 
be a branch of exact knowledge. 
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ANNOTATION 


LOCAL VEIN REACTIONS 


SucH is the multiplicity of agents that 
may be injected intravenously during the 
course of a single anaesthetic that some 
note of the various local reactions which 
may follow, and their probable causation, 
is needed. Irritation of the vein wall is 
the primary problem. This is usually due 
to the properties of the agent itself rather 
than to the pH of the solution in which it 
is made up, and may lead to venous spasm, 
thrombosis, and occasionally phlebitis. 
This sequence of events is most likely 
when repeated or continuous doses of the 
agent are injected, and is well illustrated 
by the intravenous infusion of 5 per cent 
dextrose. The.pH of such a solution is 
variable and after storage for some time 
may be as low as 4. However, the 
incidence of thrombophlebitis following 
its use is no higher than that following 
solutions buffered to approximate to the 
pH of normal blood, though the incidence 
in both cases rises if the infusions are 
maintained for periods longer than eight 
hours (Bolton Carter, 1951; Bolton Car- 
ter, Milner and Whittet, 1952). 

As it is with glucose, so it is with all 
irritant solutions, of which thiopentone, 
pethidine, and chlorpromazine may be 
taken as examples. Reactions to the 
commonly used 5 per cent concentra- 
tion of thiopentone are infrequent but, 
when they do occur, take the form of 
simple thrombosis or thrombosis associ- 
ated with phlebitis of a short length of the 
vein and its immediate tributaries. These 
become firm and tender with an inflamed 


overlying skin. Such a marked reaction, 
which is typical of non-suppurative infec- 
tion in the vein wall and surrounding 
areolar tissues, may not become apparent 
for several days after the injection, 
though, in most cases, thrombosis occurs at 
once as a result of damage to the endo- 
thelium and vascular spasm. It usually 
takes from seven to fourteen days to settle, 
and treatment other. than rest of the 
affected limb is of little value. The effect 
of an inadequately diluted intravenous 
injection of chlorpromazine is to produce 
an intense local spasm which very soon 
leads to thrombosis. The extent of the 
thrombosis may be quite considerable. 

On another page Argent and Dinnick 
discuss those local changes which occa- 
sionally follow the injection of pethidine 
hydrochloride into a vein. This so-called 
“ phlebitis” is of interest not because it 
commonly leads to subsequent harm, but 
because it appears to differ both in mode 
of production and final result from the 
more intransigent and true phlebitis which 
may occur when an agent such as thio- 
pentone or even glucose is used. These 
authors consider that venous spasm 
induced by the irritant effect of pethidine 
leads to increased permeability, and they 
suggest that this fact allows pethidine to 
pass into the tissue beneath the skin and 
to cause local histamine release. 

Irritation of the vein wall is the common 
factor for all three agents, though it is 
probably of least importance in the case of 
pethidine, since there appears to be some 
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LOCAL VEIN REACTIONS 


evidence that this compound can pass 
through the vein wall irrespective of the 
increased permeability which may follow 
spasm and consequent local anoxia. 
Pethidine, like thiopentone and chlorpro- 
mazine, is primarily a vasodilator, as is 
seen when it is injected into the tubing of 
an intravenous drip. This causes an 
almost immediate increase in the rate of 
transfusion and yet, a little later, a local 
reaction may be found in the skin over- 
lying the vein in a proportion of patients. 
All local reaction due to pethidine settles 
within 20-30 minutes unless further doses 
are given. True phlebitis of the type 
described following thiopentone never 
occurs after pethidine though, if undiluted 
solutions are used, thrombosis may take 
place. This eventuality is more likely 
when thiopentone and pethidine are 
injected into the same vein, as mixing of 
these two agents leads to precipitation of 
the pethidine. 
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Fortunately it is not difficult to prevent 
irritation when injecting any anaesthetic 
drug, since simple dilution will reduce this 
property and decrease the incidence of 
sequelae to negligible proportions, though 
there will remain a very small number of 
patients who are more susceptible than 
the average. Argent and Dinnick recom- 
mend the dilution of pethidine with 0.25 
per cent procaine for those patients with a 
history of thrombosis on the grounds that 
it is both antispasmodic and antihista- 
minic. There is a very strong case to be 
made for the immediate injection of dilute 
procaine solution should there be any 
evidence of palpable venous spasm after 
the use of an irritant agent, since spasm 
appears to be the precursor of all the other 
ills and a preventable one at that! 


REFERENCES 
Bolton Carter, J. F. (1951). Lancet, 2, 20. 
—— Milner, E. H., and Whittet T. D. (1952). 
Lancet, 2, 660. 
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A GENERAL PURPOSE STIMULATOR 
BY ; 


L. MOLYNEUX AND E. A. PASK 
Department of Anaesthetics, Medical School, Newcastle upon Tyne 


INTRODUCTION 


Apart from its use in neurology, a simple 
and portable stimulator has interest for 
anaesthetists, for such purposes as the 
location of nerves for nerve block or the 
estimation of degree of curarization. 

The circuit to be described is a battery- 
driven transistor arrangement. Such a 
stimulator has three advantages over 
valve-operated instruments driven from 
the mains: 

(1) There is no risk of electric shock. 

(2) The instrument is intrinsically 

safe, and cannot ignite anaesthetic 
gases. 

(3) Itis portable and can be used any- 

where. 


SPECIFICATION 

The output is a series of unidirectional 
pulses. The pulse has a very short rise 
time and approximates to a right-angle 
triangle, whose base is 100 microseconds 
wide. The repetition rate is approximately 
160/sec. The output voltage which is 
controlled by a simple potentiometer has 
a maximum value of about 30 volts. The 
output impedance of this arrangement 
varies with the output setting. The output 
impedance is about 700 ohms at full out- 
put and rises to a maximum value of about 
1,600 ohms at 16 volts output. Thereafter 
it falls with decreasing output setting to 


zero at zero output. A divider network is 
shunted across the output control which 
provides an alternative output connection 
of 6 volts maximum. The output impe- 
dance of this low voltage connection is 
about 1,200 ohms and does not change 
appreciably with output setting. The 
power drawn from the battery is about 3 
milliamps at 45 volts. Since the two 
transistors needed are small, and work at 
small currents and voltages, the associated 
components, nine resistors, four conden- 
sors, volume control with switch, can all 
be of miniature type. 


CIRCUIT DESCRIPTION 


Transistor 1, in figure 1, is a relaxation 
oscillator with the timing network in the 
emmitor circuit. The repetition rate 
depends on: (1) the length of time the 
circuit has been switched on; (2) the 
ambient temperature; (3) the HT voltage; 
(4) the time constant of R.1.C.1.; (5) the 
transistor. 

Taking the list in order, (1) is an 
effect which lasts about 5 minutes, during 
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Fic. 2 
General view of the completed stimulator. 


which time the repetition rate changes 
about 20 per cent. However, since the 
small change in repetition rate has little 
clinical importance, the stimulator may be 
used as soon as it is switched on. 

(2) Varying the ambient temperature 
from 0°C. to 30°C., changes the repetition 
rate by about 17 per cent. 

(3) The length of time between pulses 
is linearly related to the HT voltage, a 10 
per cent change in HT voltage causing a 
10 per cent change in repetition rate. 

(4) The time between pulses is a fairly 
linear function of R.1. With C.1, 0.25 
microfarads, the circuit will oscillate if 
R.1 has a value between 20 K and 2.5 
megohms. 

(5) Each transistor will oscillate in a 
given circuit at a different frequency, 
because the characteristics of transistors 
are not yet closely controlled, but are said 
to change little throughout the long life of 
the transistor. Thus when a particular 
transistor has been chosen as oscillator its 
frequency may be set by adjusting R.1, 
and, once set, it will remain constant, 
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subject only to the other variables that 
have been considered. 

The output pulse from the collector is 
a rectangular positive going pulse which 
is fed and differentiated by C.2 and R.7 to 
the emmitor of transistor 2. The output 
is taken via an isolating condenser from 
the collector of this transistor. It will be 
appreciated that the positive going pulse 
in the collector circuit of the oscillator 
could be used as a stimulation voltage; if 
this were done, alterations in the impe- 
dance between the stimulating electrodes 
would change the pulse rate and shape. 
This might be a disadvantage. 

The transistor and its associated com- 
ponents are quite tiny, so that the over-all 
size of the stimulator unit is governed 
largely by the battery size. This should 
be chosen to give adequate life under the 
expected conditions of use, bearing in 
mind that the output voltage will fall 
linearly with the battery voltage. In the 
photograph of the complete unit, the 
batteries are 22.5 volt deaf-aid type 122, 
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The stimulator with top removed to show component 
lay-out and battery stowage. 
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TABLE I which, in this circuit, have a useful life of 
Resistors: | Condensers: about 10 hours. 
Values in | Values in Those unfamiliar with transistor prac- 
ohms | microfarads tice will find helpful a series of articles by 
82K 1 25 Thomas Roddam, which appeared in 
330 > 741 Wireless World, February 1953, et seq. 
8.2K 3 1 NOTES ON COMPONENTS (Table I) 
4.7K 4 1 


All the resistors are } watt carbon of 10 per cent 
tolerance, R.1 is adjusted in accordance with the 
text; the value shown is a typical value. R.8 is a 
miniature carbon linear law potentiometer that 
incorporates a switch. 

The condensers are non-inductive paper type. 
5.6K Both transistors are type G.E.T.1 made by the 

General Electric Company. 
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A SIMPLE INTRAVENOUS DRIP ADAPTOR 


BY 


RONALD GREEN 
St. George’s Hospital, London 


AN intravenous drip is frequently used 
during major abdominal surgery. The 
anaesthetist, for the sake of convenience, 
may place the drip into the patient’s arm; 
this used to be fixed to an arm board at 
right angles to the body. The position 
gave easy access to the needle and allowed 
for the injection of drugs to be made into 
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the drip tubing, close to the vein; but did 
so, at the expense of the space available 
for the surgical assistants and at serious 
risk of damage to the nerves of the arm. It 
is well recognized that brachial plexus 
lesions are more common if the arm is 
abducted, particularly if a Trendelenburg 
tip is necessary. For safety the arms must 
be flexed across the chest, a position which 


is frequently inconvenient to the surgeon, 
or secured to the patient’s side in internal 
rotation, so that they are free from this 
risk of damage. But, in the latter position, 
there is the disadvantage that drugs can- 
not be injected into the drip tubing close 
to the vein. 

A simple syringe and drip adaptor has 
been made to overcome this disadvantage. 
It consists of a small U-shaped metal 
tube with a “male” Luer fitting at one 
end for connection with a Guest cannula 
or a standard transfusion needle and a 
“female” Luer fitting at the other end to 
take the standard drip connection. To the 
centre of the U has been connected a 
30-inch (75 cm.) length of capillary 
tubing (capacity 1.5 ml.) which has, at the 
other end, a Record adaptor with a non- 
return valve (fig. 1). 

A cannula or needle is inserted into a 
convenient vein in the arm and the adaptor 
and transfusion set attached (fig. 2). The 
drip is then turned on and the non-return 
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valve is temporarily removed until all the 
air has been expelled from the capillary 
tubing. The patient’s arms are secured to 
his side by a towel placed under his 
buttocks and wrapped round his forearms 
(fig. 3), care being taken to see that the 
drip continues to run smoothly. The 
capillary and transfusion tubings are led 
up to the patient’s head. 

Should the anaesthetist require to give 
a series of intravenous injections during 
the course of the anaesthetic, these are 
made, from the head of the patient, 
through the capillary tubing. After each 
dose of drug, 2 ml. of saline are injected 
from a large syringe to wash it through to 
the vein. 


Further, if the blood and an anaesthetic 
drip are required at the same time, the 
anaesthetic solution may be run in through 
the central capillary wbing, the non- 
return valve having been replaced by a 
simple adaptor, whilst the blood is being 
given into the proximal end of the U. 

This adaptor has been used for some 
months now and has proved very 
satisfactory. It can be sterilized by 
boiling and has the great advantage of 
simplicity. 


ACKNOWLEDGMENTS 


My thanks are due to A. Charles King Ltd., for 
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Straight Endotracheal Connection 


Sir.—In the May issue of the British 
Journal of Anaesthesia Dr. L. Rendell- 
Baker illustrates a straight endotracheal 
connection, manufactured by Messrs. 
Medical and Industrial Equipment Ltd., 
for use during neurosurgical procedures. 
He mentions that the idea of a similar 
connection has probably occurred to 
others but that no account could be found 
in the literature, nor did the anaesthetic 
instrument firms know of one. Messrs. 
Medical and Industrial Equipment Ltd. 
recently modified a standard endotracheal 
suction union to our instructions for this 
same purpose. We published and illus- 
trated this in January—Ballantine and 
Jackson (1954). 

While we are sorry if the description of 
our modification did not make its func- 
tion obvious, we are confident that either 
of these connections will be of value to the 
neurosurgical anaesthetist. 

RoBERT I. W. BALLANTINE 
IAN JACKSON 
(St. Bartholomew’s Hospital, London) 


REFERENCE 
Ballantine, R. I. W., and Jackson, I. (1954). 
Anaesthesia, 9, 9. 


The Venous Return 
Sir,—In the annotation given in the 
March number of this journal concerning 
the above subject (Brit. 7. Anaesth., 26, 
118), the argument is advanced that the 
mean aortic pressure is sufficient to return 
the blood from the entire capillary field 
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CORRESPONDENCE 


to the right heart. This is only partially 
true. 

It was pointed out that organs differed 
in the nature of their functions: in some, 
the function was of a more or less con- 
tinuous nature and in these the venules 
were not valved; in skeletal muscle, on the 
other hand, the function varied greatly in 
degree and, correlated with this, the 


_venules were valved in order to deal with 


the increased vascularity of active con- 
traction. 

The matter might be put in another 
way. Organs might be described either 
as encapsuled, where they are confined 
within restricting fibrous envelopes such 
as the central nervous system, liver, bone, 
lung, etc., or as of an elastic nature such 
as striped muscle and skin that are not 
so restricted. This structural difference in- 
volves the operation of two distinct princi- 
ples in the return of venous blood to the 
heart. 

The venous return in the first instance 
depends upon the vis-a-tergo of the 
cardiac effort about which it may be said 
—after allowance for “depot func- 
tion—” that what goes into encapsuled 
organs must come out at a corresponding 
rate. This is the principle found in the 
entire phylum of the Arthropoda in which 
the exoskeleton is a flexible but inelastic 
capsule encasing all the contents of the 
body. Associated with this structure, the 
circulation is of the “‘ open” type; that is, 
there are only arteries which distribute 
blood to every part. There are no veins. 
the blood is returned from the periphery 
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to the dorsal pericardial sinus indirectly 
through the interstitial spaces. The 
heart, lying within the dorsal sinus, thus 
receives the blood which it recirculates, 
and the mean “aortic” pressure suffices 
for this (Curtis and Guthrie, 1947). 

The second principle is found in the 
more elastic bodies of the vertebrates 
among the tissues of which, some circula- 
tory energy is inevitably lost, and where 
such loss occurs, it is compensated by the 
addition of extra vascular power in the 
form of valved venules. Such power is 
further adjusted to meet resistance as in 
the portal system; and the pulmonary 
system requires a special heart with its 
valves to overcome the capillary resist- 
ance in the lungs. 

In view of these differences of vascular 
principle, the interpretation of the figures 
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given in the annotation, and also those 
based upon the findings of Pappenheimer 
and Soto-Rivera (1948), require some 
amendment because no account has been 
taken of the venular activity in the great 
muscular mass of the body. The valved 
venules are there, and their activity in 
providing a major contribution to the 
return of blood to the heart should not be 
ignored, even if it cannot be completely 
separated from the attenuated cardiac 
effort. 
W. B. PRIMROSE 


(Glasgow Royal Infirmary) 


REFERENCES 
Curtis, W. C., and Guthrie, M. J. (1947). 
General Zoology, New York: Wiley. 
Pappenheimer, J. R., and Soto-Rivera, A. (1948). 
Amer. }. Physiol., 152, 471. 
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Modern Practice in Anaesthesia, second 
edition. Edited by Frankis T. Evans. 
Published by Butterworth’s Medical 
Publications, London. Pp. xv. + 
622 + (23); 221 illustrations. Price 
£3 Ss. 

The second edition of this well-known 
compilation has made its appearance. 
There are considerable alterations, com- 
pared with the first edition, and these are 
for the better. Nevertheless, viewed as a 
symposium of anaesthesia, this book is 
disappointing, largely because of the great 
variations in merit between different sec- 
tions of the work. It is instructive to com- 
pare, for example, the information con- 
tained in the accurate, comprehensive and 
up-to-date Chapters 10 and 11, which 
deal with muscular relaxation and the 
relaxant drugs, with the unilluminating 
Chapters 5 (Description of Apparatus) 
and 31 (Anaesthesia in Diabetes Melli- 
tus); the contrast between these extremes 
displays, even at a glance, the unevenness 
of this volume. In the matter of selection 
of material, one may doubt the wisdom of 
including chapters on anatomy and physi- 
ology in a text-book of the “Practice” 
of Anaesthesia, because these, however 
well-written can never replace the more 
complete and authoritative works on such 
subjects. 

Considering some parts of this book 
individually, Chapter 7 (The Preparation 
of the Patient) is good, but makes things 
seem rather too simple, especially in con- 
nection with children. There is an 
unaccountable failure either to recom- 
mend emptying of the bladder before 
operation, or to mention the danger of 
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administering atropine to children with 
fever. Chapter 8 (Basal Narcosis by 
Means of Rectal Injection) and Chapter 
35 (Controlled Hypotension) are excellent, 
while Chapter 9 (Intravenous Anaesthesia) 
is authoritative and dogmatic. In this last 
chapter, there is an unfortunate error in 
the first sentence on Chemistry (p. 180). 
It is to be regretted that there is no des- 
cription of the treatment of injection of 
thiopentone sodium into the tissues, and 
that there is no reference to nerve palsies 
as a sequel to misplaced injections; we may 
doubt the statement (p. 184) that even 
brief administrations of thiopentone 
sodium are followed by “a complete 
absence of after effects”. Chapter 15 
(Balanced Anaesthesia) is also good: the 
first part, like Chapter 7, marred by 
whirligigs, and the second by over- 
enthusiasm, especially on p. 331. Unfor- 
tunately, no reference is made to the 
danger of overdosage of local anaesthetics, 
and the vague statement (p. 335) that 
amethocaine “ has somewhat greater toxi- 
city” than procaine seems dangerous, 
when it would have been easy to be 
specific. Chapter 19 (Blood Transfusion 
and Fluid Replacement) is good, so far as 
it goes. 

Many of the historical statements in the 
book are seriously inaccurate. Nitrous 
oxide was not discovered in 1777 (p. 1), 
but in 1772; Davy inhaled it first in 1798, 
not 1796 (p. 1); the discovery of ether is 
no longer attributed to “Djafar (not 
Djaber) Yeber’’, (p. 3); Sir James Simp- 
son was never Professor of Medicine at 
Edinburgh University (p. 5); deaths from 
chloroform occurred before 1850 (p. 8); 
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Macewen used endotracheal intubation in 
1878, not 1880 (p. 12); and Snow certainly 
never used endotracheal anaesthesia, even 
on animals, in 1837 (p. 312). 

There are other points to which allusion 
must be made. The corneal reflex is 
referred to on pp. 123, 143 and 144. No 
warning is given of its dangers, and it is 
to be hoped that there is no intention of 
advocating the elicitation of this reflex. 
The statement (p. 126) “ Theoretically, 
complete absorption of the carbon dioxide 
would reduce the capacity of the haemo- 
globin to part with its oxygen ”’, and thus, 
that the use of soda lime might cause 
acarbic anoxia, will surprise everyone who 
reads this page. It is unfortunate that the 
scheme adopted in Chapter 6 (The Signs 
of Anaesthesia) varies from that which is 
followed in the rest of the book, which is 
in general use elsewhere. 

We must express our disapprobation of 
the use of inflammable agents whenever 
diathermy is to be used; this combination 
is apparently countenanced on pp. 464 
and 620. Few will agree with the state- 
ment on p. 584 that thiopentone sodium 
ought to be administered by choice into 
“the antecubital vein”, whichever that 
may be. 

The index is not very satisfactory; for 
example, reference to “ Gallamine” must 
also be sought under “ Flaxedil”, and to 
“Bromethol ” under “ Avertin”. This is 
a result of the bad habit of using pro- 
prietary names of drugs, with which this 
book abounds, without any attempt at 
standardization. Thus, we are advised to 
use “ Phedracin 2 ml.” (p. 302) although 
this substance is not mentioned in The 
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Extra Pharmacopoeia (Martindale, 1952); 
on p. 101 the word “Trilene” appears 
seven times, and “ trichlorethylene ” four 
times; while on p. 541, “ Omnopon” and 
“Opoidine” are used in one sentence, as 
if they were different drugs. In some 
cases, the proprietary name is wrongly 
spelled, thus we find “Eulissin”, 
“ Eulissen and even “ Eulyssin”. This 
is a very serious defect, and should not 
have been permitted: in all cases, the 
chemical name or the approved pharma- 
copoeial name should be employed. 

More could have been done to correct 
meaningless sentences, of which examples 
are: “one breath following the next” (p. 
144), “a Guedel type of airway is more 
easily tolerated in the lighter planes of 
anaesthesia” (p. 190) and “so that the 
normal oxygen content of the arterial 
blood remains constant” (p. 411); and to 
avoid solecisms, such as: “aspera 
anterior” (p. 410) for “arteria aspera”’, 
“anaesthetic jelly 2 per cent.” (p. 583) 
and “ transversalis muscles” (p. 252). It 
is too much to expect complete avoidance 
of words such as “avertinization” (p. 177), 
“ diathermized” (p. 332) and “ dysfunc- 
tion” for “disfunction” (p. 338); such 
abominations occur seldom. 

The book is well bound, and well 
printed. There are very few misprints, 
but, unfortunately one of these is in the 
Table of Contents. We cannot agree with 
the publishers that this book “ will serve 
the fullest needs . . . of the post-graduate 
reading for a higher qualification” but it 
will give him an insight into the beliefs of 
some of his examiners. 

M. H. Armstrong Davison 
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A VERY successful meeting was organized 
by the Faculty in the Royal College of 
Surgeons on Saturday, June 19. 
Widespread interest in the programme 
was demonstrated by the presence of the 
many distinguished surgeons and physio- 
logists. The total attendance was 260. 


The programme was as follows: 


10.30 a.m. The Modern Physiological Conception of 
Renal Function. 
By Professor E. B. Verney, F.R.C.P. 
(Professor of Pharmacology at Cambridge 
University). 


FACULTY NEWS 


2.30 p.m. Renal Haemodynamics During Anaes- 
thesia and Surgery. 
By Dr. H. de Wardener, M.R.C.P. 
(Department of Medicine, St. Thomas’s 
Hospital Medical School). 


3.30 p.m. Tea. 


4.00 p.m. The Control of Water and Electrolyte 
Balance after Surgery. 
By Mr. P. P. Lequesne, F.R.C.S. 
(Department of Surgical Studies, Middle- 
sex Hospital). 


THE Faculty will be holding a three-week 
Course of Anaesthetic Lectures, Clinical 
Conferences and Discussion Groups from 
October 11 to October 29 inclusive, and a 
Pharmacology Course from November 
29 to December 10. 

At a meeting of the Board of Faculty 
held on Wednesday, June 2, Dr. Bernard 
Johnson was re-elected Dean, and Dr. 
Donald Woolmer Vice-Dean for the 
coming year. 


NORTH OF ENGLAND SOCIETY OF ANAESTHETISTS 


11.30 a.m. Coffee. 

12.15 p.m. Renal Function in Heart and Liver 
Diseases. 
By Professor H. Heller, M.R.C.P. 
(Professor of Pharmacology at Bristol 
University). 

1.15 p.m. Lunch. 

AT the final meeting of the 1953-54 


session, held on May 21, the President, 
Dr. E. J. Millar, presented the Registrar’s 
Prize to Dr. F. Sorrell for an essay 
entitled “Some Aspects of Broncho- 
spasm ”’. 

Dr. M. H. Armstrong Davison was 
elected President for the coming session, 
and Dr. E. I. Tate was re-elected Hon. 
Secretary. 

The Society now has ninety-eight 
members. During the last year the fol- 
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lowing papers have been read to the 
Society by anaesthetists from other 
centres. 


Dr. H. J. V. Morton: “ Pleasurable education in 
anaesthesia.” 


Dr. B. A. Sellick: “The Copenhagen polio 
epidemic.” 

Dr. E. J. Delorme: “ Hypothermia.” 

Dr. R. Bryce Smith: “Continuous spinal and 
extradural analgesia.” 


Dr. S. M. Anderson: “ Premedication and anaes- 
thesia for surgery in infants and children.” 
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SCOTTISH SOCIETY OF ANAESTHETISTS 


THE Scottish Society of Anaesthetists 
held its Annual Meeting at Dunblane 
Hotel Hydro, Perthshire, from Friday, 
April 2, 1954, until Sunday, April 4, 
1954. A company of about 120—mem- 
bers, their wives and guests—were 
present. 

The Executive Council for 1954—-55 is 
as follows: 


President : Dr. I. M. Campbell Dewar, Glasgow. 
Vice-President : Dr. F. G. Gibbs, Edinburgh. 
Hon. Secretary : Dr. A. G. Miller, Glasgow. 


Dr. W. M. Shearer, Dundee. 
.R. G. Grieve, Glasgow. 
. M. C. Macqueen, Edinburgh. 
.R. M. P. Milne, Aberdeen. 
. M. Shaw, Glasgow. 

D. W. Shannon, Edinburgh. 
Dr. R. Lawrie, Dundee. 


Dr. I. M. Campbell Dewar, in his 
presidential address entitled “ Wells, 
Morton, et a/.”, discussed the many prob- 


lems and responsibilities of the anaesthe- 
tist in the National Health Service. In 
particular he dwelt on the dental anaes- 
thetic field, indicating the scope for 
improvement in remuneration, training 
and technique. In conclusion, Dr. Camp- 
bell Dewar mentioned briefly the 
technique which he preferred in dental 
anaesthesia, gas-oxygen-trichlorethylene, 
which he had used consistently during the 
past ten years in some 25,000 cases. 

Professor R. R. Macintosh, was a guest 
of the Society on this occasion. In a talk 
entitled “Experiences Abroad”, illus- 
trated by many slides, he described the 
various anaesthetic techniques in use 
in the different countries which he had 
visited. 

The prize which the Scottish Society of 
Anaesthetists awards annually for the 
best paper submitted by an anaesthetist 
of or below the grade of Senior Registrar, 
was won by Dr. J. B. Stirling, Glasgow. 


THE SOCIETY OF ANAESTHETISTS OF SOUTH WALES 


THE Society of Anaesthetists of South 

Wales, meeting at Porthcawl on April 9, 

1954, elected the following officers for the 

forthcoming year: 

President : Dr. D. S. Jones, F.F.A.R.C.S., 
Tegfynydd, Llwynhendy, Llanelly. 

Vice-President : Mr. F. Y. Pearson, F.R.C.S.., 
39 Cyncoed Road, Cardiff. 

Treasurer : Dr. D. K. W. Picken, F.F.A.R.C.S., 
52 St. Michael’s Road, Llandaff, Cardiff. 

Secretary: Dr. H. G. Middleton, F.F.A.R.C.S., 
Sheercliff, Tidenham, Chepstow, Mon. 


The Programme for the forthcoming year 

is as follows: 

Saturday, Fuly 3, 1954. 
Clinical Meeting at the Plastic Surgery Centre, 
St. Lawrence Hospital, Chepstow; 9.30 a.m. to 
4 p.m. 

Thursday, October 21, 1954. 
Dinner Meeting at the Park Hotel, Cardiff. 
“An Anaesthetist in Brazil” by Professor 
William W. Mushin. 

March 17, 1955. 
Annual General Meeting at Porthcawl. 
Discussions and Medical Films. 
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QUESTION AND ANSWER* 
BY 


W. D. WYLIE 
St. Thomas’s Hospital, London 


QUESTION 


Describe the induction of anaesthesia 
with ultra-short-acting barbiturates. Dis- 
cuss the complications and the types of 
patient with whom especial caution is 
needed. How far can their needs be met 
by modifying the technique of administra- 
tion of these drugs? 


ANSWER 
INDUCTION OF ANAESTHESIA 


Induction of anaesthesia with ultra- 
short-acting barbiturates should be by 
slow intravenous injection of a dilute 
solution of the chosen agent. The initial 
dose must be estimated as that just neces- 
sary to produce unconsciousness, and the 
reaction of the patient can be the better 
assessed if he is asked to count during the 
administration. Loss of consciousness 
is usually preceded by a sulphurous taste 
in the mouth when sodium thiopentone is 
used, and occurs within 20-45 seconds, 
depending upon the circulation time of the 
patient. It is accompanied by muscular 
relaxation and some obstruction to respira- 
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fall on the posterior pharyngeal wall. At 
this stage there is often a deep breath, fol- 
lowed by a period of respiratory depression 
or even of arrest, depending upon the 
actual dose given, and then the re-estab- 
lishment of normal breathing. This is the 
moment for injection of a further dose— 
based on the effectiveness of the first— 
which completes the induction of anaes- 
thesia. 


COMPLICATIONS 
A. Local. 

Extravenous injection of these agents 
may cause a painful area of inflammation 
and possibly eventual tissue necrosis if 
any quantity of solution escapes. Heal- 
ing is with fibrosis and in the antecubital 
fossa may lead to adhesions with limita- 
tion of movement. Attempted injection 
of the basilic vein on the median side of 
the antecubital fossa may lead to some 
solution reaching the median nerve, and 
only a very small quantity is needed to 
cause injury. 

Intravenous injection of inadequately 
diluted solutions of these barbiturates will 
lead to thrombosis and occasionally 
thrombophlebitis of a short length of the 
vein and its immediate tributaries. Even 
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a successful injection may cause a localized 
haematoma due to seepage at the puncture. 

Inadvertent intra-arterial injection will 
be followed by arterial spasm and 
eventually thrombosis if any quantity of 
solution is administered and treatment not 
rapidly carried out. Gangrene may result. 


B. General. 

Medullary depression is a feature of 
induction, so that respiratory depression 
and hypotension are likely to occur in some 
degree. Depression of the myocardium is 
marked. Ina proportion of cases coughing, 
sneezing and laryngeal spasm may be pre- 
cipitated, due perhaps to the parasympa- 
thetic effects of the barbiturates or to 
slight stimuli under the very light level of 
anaesthesia. Tremors occur in others— 
either localized to the arm used for injec- 
tion or sometimes spreading over the whole 
body, but subsiding as the dose of drug 
is increased. 

Resistance to anaesthesia may be shown 
by some patients due to too slow an injec- 
tion or too small an initial dose, though 
occasionally an adequate dose by normal 
standards may be insufficient. It is in the 
latter type of case, particularly in those 
of muscular build and with short necks, 
that induction of anaesthesia may be 
associated with respiratory obstruction. 


TYPES OF PATIENT IN WHOM 
CAUTION IS NEEDED 


Local complications with intravenous 
injection occur more frequently in patients 
who have difficult veins due to fat or 
spasm of the vessel, as in shock, fright, or 
cold atmospheres. In some patients super- 
ficial veins are difficult to find, while in 
others a history can be obtained of suscep- 
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tibility to venous thrombosis or phlebitis 
following injections. Intra-arterial injec- 
tion is likely when puncture of a deep vein 
is attempted in the antecubital fossa or in 
that 10 per cent of people who have an 
abnormal ulnar artery, arising from a high 
division of the brachial artery above the 
elbow joint and running superficially in 
the forearm. The chances of making an 
accidental extravenous or intra-arterial 
injection are greatly increased in strugg- 
ling, frightened children. 

The medullary and direct myocardial 
depressant effects of these drugs are 
markedly potentiated in aged and ill 
patients. Pre-existing circulatory and 
cardiac disease, including peripheral 
circulatory failure and respiratory ob- 
struction or any form of respiratory 
depression, are all diseases in which even 
a small dose may rapidly lead to decom- 
pensation. Laryngeal irritability and 
like phenomena are more apt to occur 
in fit and resistant patients, and in those 
with chronic coughs caused by heavy 
smoking or by disease leading to the 
presence of mucus or pus in the sensitive 
region of the glottis. These reflexes may 
also be initiated by slight reflux of acid 
stomach contents, and the use of this form 
of induction to anaesthesia for cases with 
a full stomach is fraught with danger. 
Tremors are more likely to occur in 
nervous patients or when cold solutions 
are injected. 


MODIFICATIONS OF THE TECHNIQUE 
OF ADMINISTRATION 


A venepuncture which is likely to 
prove difficult due to the local condition 
of the vein can frequently be made simple 
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if vasodilation is produced by heat and 
friction in the presence of the venous 
tourniquet. It is wise to use a concentra- 
tion of solution which will not irritate the 
vein wall, particularly for those patients 
giving a history of thrombosis or phlebitis. 
Comparative series have shown a slighter 
incidence of such sequelae after the use 
of 2} per cent solutions of thiopentone 
than after the standard 5 per cent solu- 
tion. 

Intra-arterial injection is avoided by 
careful palpation of the chosen area before 
a tourniquet is applied. Only by this 
method can an aberrent superficial ulnar 
artery be excluded prior to puncture when 
it is essential to inject into a vein in the 
area of the antecubital fossa. It is wiser 
when practicable to choose a vein along 
the volar aspect of the forearm, and never 
to inject more than 1 ml. of solution until 
satisfied that no pain follows. 

The myocardial and central medullary 
depressant effects are primarily due to 
the concentration of the drug used and 
the amount injected at one time and 
allowed to reach the heart and brain, 
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though there is a little evidence that 
some barbiturates are more depressant 
than others. These agents may be pre- 
ferable for sick patients, but whichever 
is chosen, a dilute solution (2) per cent in 
the case of thiopentone) should always be 
used, and the initial dose be given very 
slowly. The injection should be preceded 
by, or at least combined with, the inhala- 
tion of oxygen by the patient, and some 
writers recommend theaddition of methyl- 
amphetamine (Methedrine) to the bar- 
biturate in the syringe to offset the hypo- 
tensive effect. There are occasions when 
it is wise not to use these drugs for induc- 
tion at all. 

Paradoxically, a large initial dose may 
be needed to achieve a satisfactory induc- 
tion in a robust patient, and the speed of 
injection must be quick or unconscious- 
ness will be very much delayed. Difficulty 
with the airway and laryngeal irritability, 
like other signs of reflex stimulation, can 
be avoided if the barbiturate is rapidly 
followed by a small dose of a muscle 
relaxant or perhaps, and when possible, 
combined with one. 
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THE CARDIFF ANAESTHETIC RECORD SYSTEM 
BY 
WILLiAM W. Musuin, L. RENDELL-BAKER 
Department of Anaesthetics, Cardiff 
E. LEwWIs-FANING 

Welsh National School of Medicine 

AND 
J. H. MorGAN 
United Cardiff Hospitals 


For the fourth year in succession, anaes- 
thetic records of the type already briefly 
described (Mushin, 1953; Rendell-Baker, 
1953) have been kept at the Royal Infir- 
mary, Cardiff. This paper describes in 
detail the nature of the record itself, the 
self-imposed discipline by the anaesthe- 
tists necessary for the collection of reliable 
data, the periodic analyses of the data and 
the preparation of reports thereon by the 
statistician, and the details of organization 
without which the system is bound to fail. 

Such success as we have had has been 
dependent on the close co-operation of 
three distinct experts, and the integration 
in a smooth organization of their various 
skills and interests. 

The anaesthetist records the objective 
clinical findings relevant to anaesthesia, 
not only throughout the administration of 
the anaesthetic but from his pre-operative 
visit until the patient leaves the hospital. 
The records officer ensures the smooth 
working of the organization for the distri- 
bution, collection, filing and proper com- 
pletion of the record sheets. Finally, the 
statistician analyzes the data recorded, 
presents them in understandable and 


pertinent tables, and in collaboration with 
the anaesthetist, makes deductions and 
draws conclusions whose validity is sup- 
ported by adequate statistical tests. 

These—the anaesthetist, the records 
officer, and the statistician—are the three 
indispensable components of any scheme 
of anaesthetic record keeping. Although it 
is possible for the doctor to compile and 
the records officer to file and heap up 
masses of data, these remain merely a 
heap until they are subjected to statistical 
treatment. We wish to stress at the out- 
set our conviction that there is no point in 
instituting a record system merely for the 
sake of keeping records, or in the hope that 
at some future date someone will feel an 
urge to make use of them. 

In our view it is useless to initiate any 
recording system unless there is available 
someone qualified to analyze the material 
and prepare reports on it. Since this 
usually devolves on the statistician, he 
must form one of the team from the start 
—indeed, it is difficult to see how he can 
make adequate use of the data if his 
requirements are not taken into account in 
devising the record sheet. 
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Many an anaesthetic record system has 
started promisingly and continued to run 
smoothly for a while. Then the initial 
enthusiasm of its originators evaporates; 
the mechanical difficulties of tabulation or 
the approaching need of the manipulation 
of numerical data take their toll. What 
was a promising and ambitious scheme 
falls into disuse, principally because of the 
absence of the third member of the team. 

We have many a time been told by col- 
leagues how much they would like to keep 
records, but that their lack of experience 
of the organization necessary proved a 
strong deterrent. Some space is therefore 
devoted in this paper to the details of 
organization which we have found essen- 
tial for the efficient working of an anaes- 
thetic record system. 

The system was designed to allow for 
the completion of a comprehensive annual 
report upon the anaesthetic work of a busy 
general hospital. It had to be sufficiently 
flexible to deal with current problems of 
interest as they arose. The number of 
anaesthetics administered ran to several 
thousands every year, and some form of 
mechanical tabulation was desirable. 


TABULATION 


This is not the place to explain the 
principles of mechanized tabulation. 
Those who understand it need no explana- 
tion, and many expositions (Kempthorne, 
1946; Charles, 1951) of it exist to which 
the others may refer, although a practical 
demonstration would be preferable. Let 
it suffice here that in the sorting and 
counting of statistical data three general 
methods are available: 

(1) Manual. The records are sorted 

and re-sorted by hand into the 


299 


required groups and the numbers 
in the groups counted mentally. 

(2) Card systems, such as the Cope- 
land-Chatterton. The sorting can 
be performed mechanically (with a 
simple appliance such as a knitting 
needle), but the counting still has 
to be done mentally. 

(3) Mechanized methods. Both the 
sorting and the counting is per- 
formed by machinery. 

The greater the number of facts 
recorded and analyzed, the more laborious 
and tedious become the sorting and count- 
ing by the first two methods. In the third 
method, the machine time consumed is the 
predominant factor once the records are 
available; not the tediousness of the task. 

The keeping of a record by the clinician 
need not be time-consuming or in any way 
complicated if an efficient self-coding 
record sheet is evolved. The design of our 
own record sheet resulted from the joint 
efforts of the Record, the Statistical, and 
the Anaesthetic Departments. Unless the 
specialized knowledge of all three is 
utilized, it is unlikely that the record 
evolved will be either useful or efficient. 


ORGANIZATION 


The mode of operation of the system 
can be made clear by following a record 
sheet from the time it is commenced until 
it is returned completed. The record starts 
its life at pre-operative visit of the 
anaesthetist to the patient. He fills in 
details of the diagnosis, pre-operative 
complications, and of the premedication 
ordered. The sheet is attached to the 
patient’s notes which arrive with him in 
the operating theatre. There the anaes- 
thetic record is detached by the anaesthe- 
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tist and all the details relevant to the 
anaesthetic in the operating theatre are 
filled in on the two centre pages. The 
record is then left in the theatre in a 
“Jetter-box” provided for this purpose. 
Here it remains until collected by the 
records clerk the next morning. 

At this point the description of the 
record sheet’s progress will be halted, in 
order to discuss the important problem 
of ensuring that a record is completed for 
every operation and that any records not 
filled in, or lost, are at once detected and 
the error made good. This is done 
by utilizing the register which every 
operating theatre keeps of operations 
performed. This register identifies the 
patient, gives the date and the nature 
of the operation, and the names of the 
anaesthetist and surgeon concerned. 
Every morning a clerk from the records 
department makes a list from the register 
of the previous day’s operations and 
checks this list against the anaesthetic 
records she finds in the “letter-box”. Any 
deficiencies are at once apparent and the 
records clerk immediately brings them to 
the notice of the anaesthetists concerned, 
giving the name and ward of the patient 
and details of the operation. This ensures 
that a record is started for every operation. 
At the same time the record sheets are 
given an anaesthetic serial number. As a 
further check against loss, the clerk also 
makes out an index card for each patient 
on the operating theatre list and these 
remain in her “ pending ” file with a colour 
tab attached to each to identify the anaes- 
thetist concerned. This “pending” file 
therefore contains the cards of all patients 
for whom a record sheet has been initiated, 
but which have not yet been completed as 
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regards post-anaesthetic details. Later, 
when the post-anaesthetic follow-up is 
complete, the record sheets are returned 
to the clerk who then transfers the index 
card from the “pending” file to a main 
index file. A periodic check of index cards 
which have been in the “pending” file for 
more than a month ensures that very few 
records become permanently lost. 

We have found that the presence in the 
anaesthetic department of this record 
clerk, whose only concern is to see that 
each and every sheet is completed, pro- 
vides a very great stimulus for conscien- 
tious record-keeping. 

To return to the record sheets: these 
are collected from the operating theatres 
and placed in individual pigeon-holes 
provided in the anaesthetic department, 
where they are collected by the anaesthe- 
tists before making their post-operative 
rounds. The patients are followed up by 
the anaesthetists until discharged from 
the hospital or until they are deemed fully 
recovered from the anaesthetic. As an 
additional precaution every record before 
it leaves the anaesthetic department is 
looked over by one of the senior anaes- 
thetic registrars. 

At intervals convenient to the statistical 
department, usually once in three months, 
all completed records are sent to them. 
There, the information is transferred on 
to punch cards which, until analysis, are 
assembled in serial number order, thereby 
providing a final check that a record for 
every operation reaches that department. 
When all the information on the record 
sheets relating to operations in any 
calendar year has been completed and 
transferred to punch cards, the data 
recorded is analyzed and a report com- 
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piled on the year’s work. If any special 
investigation is asked for before the end 
of the year the punch cards already com- 
pleted can be readily sorted and analyzed. 


THE RECORD SHEET 


Each record sheet is, in effect, a 
questionnaire put to the anaesthetist, con- 
cerning every in-patient to whom he gives 
an anaesthetic. The questions must be 
framed simply and yet so precisely that 
there shall be immediate and uniform 
perception of their meaning. At the same 
time, it is also necessary to secure that 
replies to the questions can be interpreted 
uniformly, remembering that these replies 
are to be given by a number of anaesthe- 
tists of varied experience and age, some of 
whom may persist in using terms current 
when they were in training many years ago 
but which have since been abandoned. 
There may be a hundred different ways of 
wording replies to a particular question, 
but which in the final analysis must be 
classified into usually not more than ten 
or twelve groups which present really 
different answers, the remaining ninety 
alternative wordings being mere shades of 

difference, or arising from individual 
caprice in choice of expression. 

There are, then, two alternatives. In 
the first the anaesthetist is allowed his own 
choice of words in the reply and the replies 
are classified into mutually exclusive 
categories suitable for study. In the 
second the categories into which it is pro- 
posed to classify the replies (wherever 
possible the number of such categories 
should be limited to twelve) are indicated 
to the anaesthetist and on him is placed 
the onus of assuring that his answer is 
allocated to the group which he desires. 


301 


Clearly the second method, which we have 
adopted, is the one of preference. 

So, in the drafting of a record sheet, the 
information which is to be recorded— 
that is, the questions and as many of the 
possible alternative answers as can be 
envisaged—is considered first. 

Then comes the classification of these 
many alternative answers into definite and 
distinct groups. At this stage it usually 
becomes necessary to discriminate between 
the amount of information it is possible to 
collect and that which it is possible to 
transfer to a punch card. When the former 
is the greater, the less essential questions 
are discarded. 


THE PUNCH CARD 

In order that those not familiar with 
mechanical tabulation may appreciate this 
point it must be explained that punch 
cards (one per patient) consist of a series 
of columns of the numerical codes 0 to 9 
together with the letters X and V (twelve 
codes in all to each column). The columns 
of the punch card correspond to the boxes 
on the record sheet. The codes recorded, 
for example, in box number 16 are those 
which are punched in column 16 of the 
punch card. So it must be taken into 
account that the largest punch cards, such 
as the one we use (fig. 1) and which con- 
tain eighty such columns, can deal with 
eighty questions only if all the alternative 
answers which could be given to any one 
question can be reduced to not more than 
twelve categories.* This means one 


*In practice there is more flexibility than this 
suggests since the letters X and V, besides being used 
as independent codes, can also be used with any 
numeral either separately or together; and even a 
combination of the numerals is permissible if not 
overdone. These devices, however, complicate the 


sorting procedure and need to be applied with the 
discretion of experience. 
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column per question. To illustrate: one 
important question is “ What anaesthetic 
agents were given ?”. If a classification 
involving not more than twelve answers 
can be made, this question will use up only 
one of the eighty columns of the punch 
card. 

But where it is not possible to impose a 
limit of twelve groups, two columns of the 
card must be used. This places all possible 
permutations of the twelve codes in two 
columns at our disposal (12*) resulting in 
all the natural numbers from 00 to 99, 
which, together with combinations of 
letter and numerals, provides for the 
mechanical recording of 144 possible 
categories. To facilitate sorting, a two- 
column code is usually arranged so that the 
use of the first column would subdivide 
the material into well-defined broad 
groups, and the second column need only 
be used when a detailed subdivision is 
desired. Our arrangement of “Site of 
Operation ” (page 2 of the record sheet) 
exemplifies the principle, but if carried to 
its logical conclusion, as in answer to the 
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question “What Pre-Anaesthetic Com- 
plications were present ?” (page 1 of the 
record sheet), may involve the use of three 
columns of the card even though a classi- 
fication of all possible answers involves 
less than 144 categories. The use of three 
columns provides for 12° categories 
(1,728)—usually far more than are neces- 
sary for any question except serial and 
index numbers. 

As we have suggested earlier, a practical 
demonstration is more readily appreciated 
than any written exposition, but we hope 
the point is clear that the number of 
questions which can be dealt with on one 
punch card per patient is limited by the 
number of categories into which the 
answers to these questions are to be classi- 
fied, and that this must be taken into 
account at the time the record sheet is 
designed. The use of more than one 
punch card per patient is not advocated 
except in very special circumstances. 

Occasionally it is possible to deal with 
two questions in the same column—if 
there are only two or three possible 
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answers to one of them. The sex of the 
patient can, for example, often be com- 
bined with some other question such as 
age. 

Another technical point to be stressed 
is the necessity of making provision for 
recording “negative”, “nil” or “not 
relevant” answers to every question to 
which such an answer could be given. If 
the answer to the question “ What pre- 
medication was given?” is “None” it 
must be recorded. It is not good enough 
merely to leave the answer blank. To do 
so might easily produce fallacious results 
for it is not possible in the statistical 
analysis to discriminate between blank 
answers which mean “none” and those 
which arise because of inadvertant omis- 
sion to answer the question, and the 
proportion of “nil” answers may be 
artificially high because of this. 

One other point which experience has 
proved is not self-explanatory, is the con- 
ventional statistical method of indicating 
the limits of the groups where the classi- 
fication of the “‘ answers” is quantitative. 
Consider for example our classification of 
the “ Duration of anaesthesia” (page 2, 
box 41). Some would write this as 0-9, 
10-29 minutes, etc. Others as 0-10, 
10-30, 30-60 minutes, etc. Both methods 
lack precision. If 9 is the upper limit of 
the first group and 10 the lower limit of 
the second, there is no provision for 9%, 92, 
etc. minutes. And if 10 is both the upper 
limit of the first and the lower limit of the 
second group, into which group should one 

place a duration of exactly 10 minutes ? 
A strict definition of the first group is “ up 
to, but not including, 10 minutes”, and of 
the second, “10 minutes up to, but not 
including, 30 minutes” and this is best 


303 


indicated by 0—, 10—, 30-, etc. minutes. 
This convention has been followed 
throughout the schedule except for the 
height of spinal analgesia, where the classi- 
fication customarily used by anaesthetists 
has been preserved. 

The sheet which eventually evolved 
from the application of these principles 
and some experimental trials, used only 
seventy™ of the eighty possible columns of 
the punch card, thus permitting expansion 
if this should be required later. 


THE LAYOUT OF THE RECORD CARD 


In arranging the layout of our record 
sheet we have again been guided by the 
needs of the three departments concerned. 
For the convenience of the anaesthetist, 
the first page relates to the information 
which can be completed when he makes 
his pre-operative visit. The two centre 
pages are devoted to the items which are 
answered in the operating theatre, whilst 
the information which is to be filled in 
when he makes his post-operative rounds 
is found on the back page. As an additional 
convenience, the sheet is supplied folded 
to a size (5 in. by 8 in.) convenient both 
for filing (fig. 2) and for carrying com- 
fortably in the pocket. 

For the convenience of the records 
department, the anaesthetic number is so 
placed that when the sheets are put into 
the filing cabinet, this number appears at 
the top right-hand corner (fig. 2). Also, 
above the number is printed a rectangle, 


* Automatic electrically controlled punching 
machines are now in use, but at the time this card 
was designed only hand punches were available. On 
such, the removal from the machine of each com- 
pletely punched card is facilitated if the last column 
(80) is punched. For this reason the columns are 
numbered from 11 to 80 instead of from 1 to 70. 
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the colour of which, with the typescript, 
is changed from year to year so that a 
record from a different year, accidentally 
misplaced, is readily discovered. A space 
has also been provided for the hospital 
number which is inserted by the records 
clerk to enable the patient’s hospital notes 
to be found easily if required at any time. 

To meet the needs of the statistical 
staff, the code “ boxes” have been placed 
so that the eye follows naturally and 
easily the serial order of the “boxes”. 
Thus most of the typescript has been 
arranged in three vertical columns in 
order that the punch clerk can run her eye 
easily along the guide lines joining the 
boxes. Inclusion of the code boxes on the 
record sheet avoids the need for an 
abstract sheet with the additional clerical 
work which it involves. Boxes in which 
more than one code may be entered are 
larger than those restricted to a single 
code. 

Inset will be found a replica of one of 
our record sheets. The data which it 
contains were considered to be of use to 
us. They could be varied within reason 


to suit the interests of anaesthetists else- 
where. 
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USE OF RECORD SHEET 


The general method of use is almost 
self-explanatory. We have found, how- 
ever, that certain terms and usages need 
defining and these we give below. In prac- 
tice, they have been gathered into the form 
of a small booklet, a copy of which is given 
to every anaesthetist within the scheme. 


Age and Sex. 

Since a recording of individual ages is 
required and there are more than twelve 
alternative answers, two columns or boxes 
are needed. A special code employing a 
combination of V in the first box with 
numerals in the second box is used to sub- 
divide the ages of children under one 
year. By use of the codes X and V in the 
second box, sex and age are here coded 
together. 


Date of Operation. 

Only the month ana the year are 
recorded. By using O, X, and V as indi- 
cated the twelve months can be recorded 
on one column. 


General Condition of Patient. 

This is divided into five categories 
between good and moribund and an X is 
added to identify emergency cases. The 
categories are as follows: 

(a) Good. This denotes no disturbance 
of health, the lesion to be treated surgi- 
cally being localized and not causing any 
general disturbance—e.g. uncomplicated 
herniae, orthopaedic deformities, frac- 
tures without blood loss or shock. Any 
patient who has a pre-operative complica- 
tion ringed must not be placed in this 
grade. 

(b) Fair. Denotes a minor impairment 
of health caused either by the condition to 
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SURNAME: 


FIRST NAMES: 


AGE: 


Over 1 yr.—age in years 


vi 
v2 


mths. 


mths. mths. 


GENERAL CONDITION OF PATIEN 


| — Good 4 — Bad 
2 — Fair 5S — Moribun 
3 — Poor If emergency ; 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
119 


200 


201 
202 
203 
204 
205 
210 
211 
212 
213 
219 


300 
309 


310 
319 


320 
321 
322 
323 
324 
329 


330 
331 
332 
333 
334 
339 


OTHERS: 


RESPIRATORY SYSTEM: 


Bronchitis—acute 
Bronchitis—chronic 
Phthisis—acute 
Phthisis—quiescent 

Other upper respiratory infectic 
Other upper respiratory infectic 
Other upper respiratory infectio 
Other respiratory infections 
Asthma 

Pneumoconiosis 

Respiratory obstruction 
Emphysema 

Dyspnoea 

Neoplasm of respiratory system 
Others (specify) 

Sputum—add X (box 27 or 30). 


G=NITO-URINARY SYSTEM: 


Impaired renal function 


Urinary infections 

Retention of urine 

Incontinence 

Stone, renal, bladder, etc. 
Suprapubic drain 

Glycosuria 

Albuminuria 

Haematuria 

Neoplasm of genito-urinary syste 
Others (specify) 


ALIMENTARY SYSTEM: 


Peritoneal—Infections, etc. 
Others (specify) 


OBSTRUCTIONS: 


Oesophageal and gastric 
Other bowel obstructions 


INFECTIONS: 


Oral sepsis 

Peptic ulcer 
Haematemesis 

Jaundice 

Impaired liver function 
Other infections (specify) 


Distension 

Nausea and vomiting 

Faecal fistula 

Colostomy etc. 

Neoplasm of alimentary system 
Others (specify) 
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‘TIC RECORD. 


(Revised January, 1954). 


UNITED CARDIFF HOSPITALS. 


HOSPITAL No. 


Day Month Year 
SEX: (box 12) M=X DATE OF OPERATION: “—_ oe=__ 
6— mths. V3 F=V ll 12 Jan. —1 Oct. —O 13 14 15 
9— mths. V4 Feb.—2 Nov.—X 


N OF PATIENT: 


4 — Bad 
5 — Moribund 


If emergency add X 


SURGICAL DIAGNOSIS (International Code): 


PRE-ANAESTHETIC COMPLICATIONS 


CENTRAL NERVOUS SYSTEM 


M : CARDIOVASCULAR SYSTEM: 
te PERIPHERAL : 700 Marked apprehension 
onic 400 Shock 701 Irrational 
401 Arteriosclerosis 702 Epilepsy 
ent 402 Hypertension 703 Coma or drowsiness 
xiratory infection—acute 403 Gangrene 704 Other mental complications (specify) 
iratory infection—chronic 409 Others (specify) 
yiratory infection—recent VASCULAR : 
infecti 
y infections 410 Co ih Oa liane 705 Cerebral haemorrhage, embolism or thrombosis 
4i1 706 Other intracranial vascular lesions (specify) 
rion 
710 Paralysis of cranial nerve 
414 Coronary heart disease . 
piratory system 415 Congestive heart failure 
(box 27 or 30). 417 Arrhythmia (other) 714 Paraplegia 
418 Heart block 719 Othe Seal ify) 
TEM: 420 Angina 
inction 429 Others (specify) 
ANAESTHETIC DEPT. NUMBER: 
e BLOOD: 
430 Anaemia 21 22 23 ee 26 
der, etc. 431 Neoplasm of lymphatic and blood 
tissues 
439 Others (specify) OTHERS: 
METABOLIC: 720 Raised intracranial pressure 
721 Hydrocephalus 
to-urinary system — 
500 Thyrotoxicosis 722 Fractured skull 
501 Goitre (non-toxic) 723 Infecti ingitis or abscess 
502 Diabetes—stable 724 Headache 
ions, etc. 725 Neoplasm of central nervous system 
— 729 Others (specif 
505 Loss of weight 
Obesity OTHER PRE-ANAESTHETIC COMPLICATIONS: 
pastric -orannnl 750 Relevant deformities (specify) 
ions 5 s (specify) 
uctions 09 Others (specify 751 Allersic conditions 
752 Neopl not elsewhere specified 
GY NAECOLOGICAL: > 
759 Others (specify) 
600 Menstruating 
Selpingitis 000 NO PRE-ANAESTHETIC COMPLICATIONS 
602 Ovarian cyst 4 
603 Fibroids Add V in left hand column if pre-anaesthetic 
son 604 Pregnant (state duration) data incomplete 
pecify) 605 Ti ia of preg y 27. 28 29 
606 Neoplasm of female genital organs Ist 
607 Rh. incompatibility complication 
ing 609 Others (specify) 30 31 32 
2nd 
complication 
ntary system PRE-OPERATIVE TREATMENT : 
0. None 3. Insulin + glucose 9. Others (specify) 33 ] 
1. Gastric suction 4. Postural drainage X. Infusion (saline, etc.) 
2. Chemotherapy 5. Breathing exercises (individual) V. Transfusion (blood, plasma) 


| 
a 


AGENT A 


0 
1 
2 
3 


None 

Atropine... 
Scopolamine 
Others (specify) ... 
Add X if premedication repeated 

Add V if premedication unsatisfactory 
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TIME: 


None 

Pentobarbitone (Nembuta))..... 
Quinalbarbitone (Seconal), . 
Thiopentone (rectal) 

Other barbiturate 

Bromethol 

Chioral hydrate... 

Paraldehyde 

Pethidine 

Others (specify) ... 


Morphine 
Omnopon 


00 No operation (state reason) 


10 Intracranial 

11 Spine and back 

12 Eyes 

13° Ears 

14 Nose and Throat 

1S Mouth and dental 
16 Thyroid 

17 Other head and neck 
20 Chest wall 

21 Intrathoracic 

30 Kidney region 

40 Abdominal wall 

41 Upper abdomen 

42 Lower abdomen 

50 Obstetric (not Caesarean) 
60 Inguinal 

70 Perineal 

80 Arm 

81 Leg 


Multiple—add X to main site 


37 38 


minutes 
minutes 
minutes 


hours 41 
hours 
4 hours and over 


POSITION ON TABLE: 


Knee elbow 

On back 

On abdomen 

Lateral ] 42 
Lithotomy 

On back c bridge 

Lateral c bridge 

Sitting 

Others (specify) 

Multiple—add O to main position 
Trendelenburg—add V to main position 

Reverse Trendelenburg—add X to main position 


INTERVAL BETWEEN PREMEDICATION AND 


ANAESTHETIC: 


No premedication 
O— minutes 

10— minutes 

30— minutes 


ANAESTHETIST: 


X Undergraduate administration 
V_Posigraduate administration 


39 40 


SURGEON: 


I— hours 36 
1i— hours 


3 hours and over 


OPERATIONS (a) 
PERFORMED: 


XXX — No operation (2) 


— hours 
Time 
| 
| | 
| 


GENERAL ANAESTHESIA: 
AGENTS: 

None 

Thiopentone or other i/v barb 

Analgesic (Pethidine etc.) 

Other intravenous (specify) 

N,O 

Ethyl chloride 

Vinyl! ether 

Trichlorethylene 

Cyclopropane 

Ethyl ether | 51 

Chloroform 

Other Inhalation 


Ko 


HYPOTENSIVE TECHNIQUE: 
0 None 

Pentamethonium 

Hexamethonium 


Others (specify) 
Vassopressor given 


RELAXANTS: 

None 

d-Tubocurarine 
Gallamine (Flaxedil) 
Suxethonium (Brevedil E) 
Suxamethonium (Scoline) 


Others (specify) 

Prostigmin.... 
with atropine...... 


INHALATION TECHNIQUE: 
0 No inhalation 
1 Open Drop 


Insufflation 

3 Valveless method 

4 Partial rebreathing (e.g. Boyle’: 
5 No rebreathing (e.g. Oxford va 
6 Intermittent flow apparatus 

7 Absorption—To and Fro 
8 

9 
x 


Absorption—Circle 
Others (specify) 
Assisted respiration 
Controlled respiration 


ENDOTRACHEAL AND BRONCHIA 
No tube 

Orotracheol—direct vision 
Nasotracheal—direct vision 
Nasotracheal—blind 
Armoured oral tube 

Bronchus blocker + oral tube 
Endobronchial tube 

Double tube (e.g. Carlens) 
Tracheostomy tube 

Others (specify) 

Cuff 
Pack 
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r other i/v barbiturate 
lidine etc.) 
ous (specify) 


No analgesia 

Procaine 

Amethocaine 

Nupercaine 

Cocaine 

Lignocaine (Xylocaine) 

Others (specify) 

Vasoconstrictor used 

Hyalase and vasoconstrictor used 


AGENTS: c.c % MGM. 


56 


TECHNIQUE: 


0 No analgesia 

| Spinal—heavy solution 
2 Spinal—tight solution 

3 Epidural 

4 Caudal 

5 Local—nerve block 

6 Local—sympathetic block 


$2 


ven 


7 Local—infiltration 57 
8 Surface analgesia 
9 Others (specify) 


xedil) 
Srevedil E) 
(Scoline) 


REASON: 
0 No analgesia 
Anaesthetist’s choice 
Surgeon's preference 
Patient’s request 


Patient’s condition 58 
Intubation 
9 Others (specify) 


2 
3 
4 Control of bleeding 
5 
6 


HEIGHT OF SPINAL ANALGESIA: 


mgm. 53 


0 No spinal 
| UptoTS 
Up to T7 


d 

ing (e.g. Boyle’s app.) 
(e.g. Oxford vap.) 

apparatus 

» and Fro 

rcle 


Upto T10 


4 Upto SI (perineum) 59 
X Successful 
Failure 


TREATMENT IN THEATRE: 
None 

Gastric tube 

Tracheal toilet 


‘ion 54 
ration 


Vasopressor drug 
Analeptic drug 
Intravenous procaine 


) BRONCHIAL TUBE: 


rect vision 
lirect vision 
lind 

ube 

r-+ oral tube 
ube 

Carlens) 

ibe 


Tourniquet 


Others (specify) 60 
i/v saline, etc. 
i/v blood, plasma, plasma substitute] 
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COMP ATIONS OF ANAESTHESIA 


DURING INDUCTION: 
None 

Struggling 
Coughing 

Vomiting 

Trauma 

Intubation difficulty 
Injection difficulty 
Others (specify) 61 
Laryngospasm 
Obstruction 


DURING MAINTENANCE: 


CIRCULATORY: 
0 None 
1 Bradycardia 


2 Tachycardia 

3. Arrhythmia 

4 Marked hypertension 
5 Marked hypotension 
6 Haemorrhage 


7 Sweating 62 
9 Others (specify) 
X Shock 


RESPIRATORY 
0 None 
1 Bronchospasm 
2 Vomiting 
3 Aspiration of blood or vomitus 
4 Excess mucus or secretions 
§ Other obstructions of respiration 
6 Apnoea (accidental) 
7 Tachypnoea 
8 Anoxia 


9 Others (specify) 63 
X Laryngospasm 
V_ Respiratory depression 


TECHNICAL AND GENERAL: 
0 None 
1 Overdose of anaesthetic 


Accidental extravenous injection 
Accidental intra-arterial injection 
Convulsion 

Fire or explosion 

Surgical accident 

Complaint by surgeon—state 
Limitation of opn. by complication 
Others (specify) 


DURING RETURN TO CONSCIOUSNESS: 


None 

Respiratory depression 

Apnoea 

Obstruction of respiration 
Anoxia 

Aspiration of vomitus 
Restlessness 

Delayed return to consciousness 
Excess secretions 

Others (specify) 
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RESPIRATORY SYSTEM 
100 Sore throat, tracheitis 
101 Minor infections, coryza, etc 
102 Exacerbation of bronchitis 
103 Exacerbation of T.B 
104 Exacerbation of pneumoconiosis 
105 Pneumonia 
106 Atelectasis—minor (add X if no X-ray proof) 
107 Atelectasis—major (add X if no X-ray proof) 
108 Respiratory obstruction 
110 Pneumothorax 
Lung abscess 
112 Empyema 
113 Effusion or haemothorax 
114 Pulmonary embolism 
119 Others (specify) 


URINARY SYSTEM: 
200 Renal failure 
201 Anuria 
202 Retention 
203 Incontinence 
204 Urine—glycosuria 
205 —albuminuria 
206 haematuria 
207 Urinary infections 
208 Uraemia 
209 Others (specify) 


GASTRO-INTESTINAL SYSTEM: 
s«~Peritonitis 
Peritoneal abscess 
302 Distension 
303 Obstruction—ileus 
304 Obstruction—mechanical 
30S Faecal fistula 
306 =Burst abdomen 
309 Others (specify) 


CARDIOVASCULAR SYSTEM: 
400 Shock (needing treatment) 
401 Haemorrhage 
2 Transfusion reaction 


Marked rise in blood pressure 
404 Heart failure 

405 Coronary thrombosis 

406 Auricular fibrillation 

407 Arrhythmia 

408 Thrombo-phiebitis 

409 Gangrene 

419 Others (specify) 


METABOLIC: 
$00 Diabetic exacerbation 
$01 Thyroid crisis or exacerbation 
$02 Dehydration 
503 Pyrexia 
$09 Others (specify) 


CENTRAL NERVOUS SYSTEM: 
600 Coma or drowsiness 
601 Infections 
602 Cerebral embolism, thrombosis, etc 
603 Nerve palsies 
604 ~Paralysis 
605 Sensory disturbance 
606 Convulsions 
607 Headache 
608 Irrational 
Others (specify) 


Severe pain 


NO POST-OPERATIVE COMPLICATIONS 
Add V in left-hand column if post-operative data 
incomplete 


OMPLICATIONS 
NAUSEA AND VOMITING: 

0 None 

1 Nausea but no vomit 

2 Vomiting 0— hours 

3 Vomiting i2— hours 

4 Vomiting 48 hours and over 

5 Vomiting starting after 2nd day 

Duration 


X Reguiring no treatment 
V Requiring treatment 


A 


DEATHS 
0 No death 
1 In theatre 
2 O— days after operation 
3. days after operation 
4 4— days after operation 
5 7— days after operation 
6 
7 


14— days after operation 78 
21 days (and over) after 
operation 


Add X where death occurs after subsequent 
Operation 


POST-OPERATIVE TREATMENT 
GENERAL : 
0 None of the following 
1 Inhalations of CO, and O 
2 Oxygen therapy 
3. Tracheal toilet 
4 Postural drainage 
9 Others (specify) 
X Breathing exercises (individual) 


OTHERS: 

None of the following 

Gastric suction 

Vasopressor drugs 

Analeptic drugs 

Analgesics (other than opiates) 
Physiotherapy 

Others (specify) 

Infusion (saline, etc.) 
Transfusion (blood. plasma) 


CAUSE OF DEATH: 
0 No death 
1 Cardiovascular 
2 Respiratory 
3 Existing disease 
4 Other infections 
S_ Error of anaesthetic technique 719 
6 Error of surgical technique 
9 Others (specify) 


POST OPERATIVE STAY IN HOSPITAL: 
0 O days — 
V 4days — 
| week — 
2 weeks — 
? weeks — 
4 weeks 
5 weeks 


7 weeks — 
8 weeks — 80 
9 weeks — 


66 67 68 
Ist complication 


2nd complication 


3rd complication 


P.M. Findings 


(IN PRACTICE THESE FORMS ARE PRINTED ON HEAVY LEOGER PAPER 


1 
2 
3 
4 
5 
6 6 weeks — 
7 
8 
9 
x 


10 weeks and over 
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be treated surgically or by a pre-operative 
complication in another part of the body 
—e.g. mild diabetes, moderate anaemia, 
chronic sinusitis. 

(c) Poor. Denotes a major impairment 
of health from any cause—e.g. poorly con- 
trolled diabetes, severe trauma, pulmonary 
tuberculosis with much reduced vital 
capacity, intestinal obstruction with 
marked systemic upset. 

(d) Bad. Denotes such a degree of 
general disturbance that there appears to 
be only a very poor chance of the patient 
recovering sufficiently to be discharged 
from hospital—e.g. severe acute intestinal 
obstruction, advanced cardio - vascular 
disease, severe trauma with widespread 
damage. 

(e) Moribund. This will be self-evident. 


Surgical Diagnosis. 

This is filled in by the anaesthetist. The 
appropriate international code (H.M.S.O., 
1948) number is entered by the record 
clerk. This code number and that for the 
operation are the only two items on the 
whole sheet necessitating reference to code 
books. Both are entered by the record 
clerk. 


Pre-Anaesthetic Complications. 

Under the various systems of the body 
are printed the commonly occurring com- 
plications; in each case “ Others” is also 
included to cover items which do not fit 
into the code. It was agreed that the 
mechanical tabulation of two complica- 
tions must suffice,* since these would 
involve six columns of the punch card. 
Though any number of pre-anaesthetic 


*In a record sheet recently developed by us for 
thoracic surgery, the use of a two-figure code has 
enabled three complications to Be recorded. 
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complications may be ringed, the anaes- 
thetist must indicate to the clerk which 
two he wishes to be coded. 


Premedication. 

This section is divided into the bella- 
donna compounds and the sedatives. 
morphine and Omnopon are coded X and 
V, because of the facility (referred to 
earlier) of combining either of these letters 
with a numeral in the punching procedure. 
We are thus able to code three premedica- 
tion agents, e.g. atropine with bromethol 
and morphine. Indeed, throughout the 
whole anaesthetic record, the letters X and 
V have been used for items which com- 
monly occur in conjunction with any 
others in that column. 


Site of Operation. 

This section permits the rapid sorting of 
records by operations on the various parts 
of the body. We have found this more 
useful than a subdivision according to the 
actual name of the operation. In the case 
of multiple operations, the codes of all the 
sites involved are ringed by the anaesthe- 
tist, the main site being indicated. Only 
this main site is recorded on the punch 
card, but the addition of X indicates that 
a multiple operation was performed. 


Anaesthetist. 

A two-figure code is used to distinguish 
the various anaesthetists. To facilitate 
sorting, we have distributed the numbers 
according to rank—consultants 1-19, 
senior registrars 20-29, registrars 30-39, 
S.H.O.s 40-49, others 50. To distinguish 
anaesthetics administered by students 
under supervision the letters X or V 
according to whether an undergraduate or 
postgraduate is concerned. 
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Position on Table. 

Any of the positions indicated may be 
coded in conjunction with the Trendelen- 
burg or Reverse Trendelenburg tilt by the 
addition of V or X to the main code. 
Where the position of the patient is 
changed during the operation the letter O 
is added to the main position. 


Surgeon. 

Each surgical firm is coded as a multiple 
of 10. Thus the consultant surgeon might 
be 10, 20, etc., his assistant or senior 
registrar 11, 21 or 31, and the house 
surgeon 19, 29, or 39. The data can then 
be sorted by grade of surgeon or anaes- 
thetist. 


Operations Performed. 

Provision is made for the coding of two 
separate operations. The anaesthetist 
writes in the operation, and the records 
clerk inserts the appropriate three-figure 
number from the code book (G.R.O.). 

Finally on this page there is plenty of 
space for any notes the anaesthetist wishes 
to make, and there is also a large blood- 
pressure chart suitable for operations 
of up to 2: hours or 5 hours duration 


depending upon the scale used. 


General Anaesthesia. 

Agents. By arrangement with the 
statistician the rule is broken here of not 
coding more than one figure and X or V 
in any single column. Any or all of the 
agents listed may be coded. Once again 
the commonly occurring agent (in this case 
thiopentone) has been given the code X, 
but V has been left to cover any future new 
inhalation agents. 

Although generally we have found it 
adequate in analyzing our data for an 
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annual report to sort the cases into the ten 
broad groups given on page 307, it still 
remains possible with this coding system 
to subdivide the data to any required 
degree of minuteness as occasion demands. 

The number of occasions when local 
analgesia is combined with general anaes- 
thesia is shown separately in the annual 
report. This avoids including any patient 
under more than one of the above 
headings. 


Hypotensive Technique. 

This section has been included recently 
to cover those cases in which ganglionic 
blocking agents are used. High spinal 
anaesthesia used for this purpose is not 
included here, but is coded in the section 
devoted to spinal anaesthesia. 


Relaxants. 
It was felt better to name the relaxant 


rather than to indicate its mode of action 
—e.g. whether by competition block or by 
depolarization. This section is capable of 
being expanded to include a further four 
relaxant agents should these come into 
common use. Decamethonium, though 
commonly used at the time our card 
was first designed, is now little used and 
has been deleted from the record in the 
latest edition. 


Inhalation Technique. 

All the commonly used methods are 
listed here. “ Valveless method ” refers to 
the Ayres “T” piece or its modifications. 
Assisted or controlled respiration may be 
coded with any of the methods. 


Endotracheal and Bronchial Tubes. 

Any of these commonly used methods 
may be coded and the use of a cuff or pack 
indicated by adding the letters X or V. 
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Group 


— 


. Thiopentone 


2. Analgesic 


Nitrous oxide ... 


4. Nitrous oxide and 
ether 


5. Vinyl ether 


6. Trichlorethylene 


7. Cyclopropane ... 


Agents included 
Thiopentone or other i/v barbiturate, alone 


Intravenous analgesic--alone or in combination 
with any other agent 


N.O alone or in combination with thiopentone 


Nitrous oxide + ethyl ether; alone or in com- 
bination with any other agent 


Vinyl ether alone or in combination with thiopen- 
tone and/or nitrous oxide and/or trichlorethylene 


N.O+trichlorethylene; alone or in combination 
with thiopentone and/or ethyl chloride 


Cyclopropane alone or in combination with any 
other agent, except in cases where it is used with 
analgesic (where analgesic takes preference—i.e. 


X alone 


1 alone 
1+any other code 


3 alone 
X+3 


3+8 alone 
3+8+any other code(s) 


5 alone 
5+X+3 
5+3+6 
5+X+3+6 


6 alone 
6+3 

64+-X 
6+3+X 
6+3+4 
6+3+4+X 
6+4 


7 alone 
7+any other code 
except 1 


group 2) 


8. Open ether 
with thiopentone. 
with N.O (group 4) 


9. Chloroform 
agent. 


10. Local analgesia 


Analgesia, Agents, Technique, and 
Reason. 

The commonly used local anaesthetics 
are found here. In the cases where the 
injected solution contains only a vasocon- 
strictor or a vasoconstrictor and hyaluroni- 
dase, X or V alone is ringed. 

In order to indicate the mode of use of 
the local anaesthetic agent, there are two 
subdivisions, namely, “technique” and 
“reason”. Thus one could code: vaso- 
constrictor—local infiltration—control of 
bleeding; or, cocaine—surface analgesia 
—intubation. 

The same section is used for spinal 
analgesia and in addition the height of 


Open ether when used alone or in combination 
Not when used in combination 


Chloroform alone or in combination with any other 


No general anaesthetic agent used 0 


4 alone 
8 alone 
4+8 
8+X 
4+8+X 
8+5 


9 alone 
9+ any other code(s) 


spinal analgesia is given in the last sub- 
section. 


Treatment in Theatre. 

In this section are included a variety of 
non-anaesthetic drugs and procedures. 
Intravenous saline or blood transfusion 
may be recorded in combination with any 
of the other procedures. 


Complications of Anaesthesia. 
These are divided into those occurring 
during induction, during the maintenance 
of anaesthesia, and during the return of 
consciousness. X and V are used for the 
commoner complications. 
Those during maintenance are divided 
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into circulatory, respiratory, and technical 
and general, the latter being complications 
which do not readily fit into the previous 
two categories. They include the common 
accidents of surgery and anaesthesia. 


Post-operative Complications. 

Three complications in addition to 
nausea and vomiting can be coded. As 
with pre-anaesthetic complications, the 
various systems of the body are listed. 
Nausea and vomiting are coded separately. 


Deaths in Hospital. 

The first section relates to the time of 
death after operation. X is added where 
the death follows a subsequent operation. 
These are excluded when tabulating the 
actual number of post-operative deaths, 
so that no death is counted more than 
once. 


Cause of Death. 

Under the codes “ Error of Anaesthetic 
Technique” and “Error of Surgical 
Technique” are recorded those cases in 
which after later full discussion it was felt 
that such errors led directly to the patient’s 
death—that is death during induction due 
to inhalation of vomit, or death following 
failure to arrest haemorrhage from a vessel 
accidentally cut at the time of operation. 


Post-operative Stay in Hospital. 

Many patients stay in hospital for less 
than one week and to divide these up, 
codes have been allotted for 0— days and 
4 days. Beyond this, the post-operative 
stay in hospital is coded in weeks up to the 
10th. 

Room is provided on the back page of 
the record sheet for the anaesthetist’s 
observations when making his post-opera- 
tive visits. In cases where the patient dies, 
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a summary of any post-mortem findings is 
also included. 


PRACTICAL USES OF THE RECORD SYSTEM 


Earlier we suggested that the keeping of 
anaesthetic records on a system such as 
this was justified only if means existed for 
analyzing them statistically so that they 
form the basis of reports on: 

(1) Problems of topical anaesthetic 

interest. 

(2) An annual comprehensive review 
of the in-patient work of an anaes- 
thetic department. 

To show that this has been no mere 
pious hope, we give some illustrations of 
the manner in which record-keeping has 
furthered these purposes. 

Our first illustration exemplifies the 
manner in which the record was of assis- 
tance to other hospital departments. A 
medical colleague, being interested in the 
incidence of hypertension in patients 
undergoing cholecystectomy and being 
unable to obtain this information from the 
general hospital records without laborious 
searching, asked for our help. The punch 
cards for a period of two years were sorted 
by operation and pre-anaesthetic compli- 
cations and within a short time the 
physician was given the hospital index 
numbers of cases undergoing cholecystec- 
tomy, with an indication as to. which of 
these were suffering from hypertension at 
the time of the operation. 

The second illustration exemplifies the 
way in which the record was used to 
examine conflicting views on a topical 
problem by its impact within the sphere 
of our own department. From the punch 
cards relating to all patients anaesthetized 
in 1951 and part of 1952 (to the date of 
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the inquiry), those on which the use of 
hypotensive technique had been recorded 
were selected—the “ hypotensive” group. 
A list of the operations recorded in this 
group was made, and from the main pack, 


TABLE I 
Deaths following operations in which hypotensive 
technique was known to be used 


Used Not used 


Total number of operations* = 71 810 


The differences are suggestive, but on these figures 
do not pass a test of statistical significance. 


TABLE II 
Interval between operation and death 


Hypotensive Technique 


Interval Used Not used 
Under day 11 
1— days 
2— days 2 
3— days 3 
4— days 1 2 
5— days 2 
6— days 1 2 
7-13 6 
14—20 2 
28 — 1 
30— 1 
39— 1 
43— 1 
46— 1 
53— 1 
Total 6 36 
Average interval between 
operation and death 2.3 days 10.9 days 
TABLE III 
Complications 
Rate 
No. of per 100 
Operative com- operative 
procedures* plications procedures 
Hypotensive used 79 22 28 
»  notused 847 115 14 
Age group 45—64 
Hypotensive used... ... 46 per 100 
Hypotensive not used ... 18 per 100 


*In table I the unit is “ persons operated on”. In 
table III it is “ operative procedures” some persons 
being operated on more than once. 
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all other cards recording these same opera- 
tions (but now without the use of hypo- 
tensive technique) were extracted—the 
“control” group. The two groups thus 
assembled were compared as regards post- 
operative complications and mortality. 
Results are given in brief in tables I, II 
and ITI. 

Finally, the annual report of the anaes- 
thetic department from 1950 onwards 
presents an analysis of over 3,500 cases 
each year: 

(1) by site of operation and type of 

anaesthetic; 

(2) by age and type of anaesthetic 

administered; 

(3) in regard to the use of relaxants; 
(4) as to the extent of student admin- 
istration of anaesthetics—by type 
of anaesthetic and site of operation; 
by the incidence of post-operative 
complications—according to site 
of operation and anaesthetic agent. 
We cannot here give the annual 
report in detail, but the following 
tables, taken from the Annual 
Report of the Cardiff Royal Infir- 
mary for 1951, with relevant com- 
mentary, will indicate briefly the 
type of report which evolves. 

We suggest that these illustrations 
justify our belief that both the objectives 
are being attained and that they are 
evidence in support of our view that the 
keeping of such records is well worth 
while. 


(5) 


The installation of expensive mechanical tabu- 
lators is quite unnecessary and in fact we 
deprecate the use of tabulators in this work. Only 
three pieces of machinery are required: 

(1) a hand punch; 
(2) a verifier; 
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TaBLE V 


Cardiff Royal Infirmary, 


1951 


Site of operation by age 
Percentage distribution 


Age groups (years) 


No. of 


| 


Site of operation 


a 
+ 


patients 


Intracranial = 
Spine and back 
Eyes 
Ears ... 

Nose and throat 
Mouth and dental . 
Thyroid ... 

Other head + neck | 
Chest wall 
Intrathoracic ... 
Kidney region... 
Abdominal! wall 
Upper abdomen 
Lower abdomen 
Obstetric (not caesarean) 
Inguinal 
Perineal 

Arm and leg 


| 
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pdt we we 
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All sites combined ... 


SL 


This table shows the age distribution of operations performed on each site. The general age 
distribution for all operations (all sites combined) is as shown in the last line. Departures from 


this general distribution are evident for many sites. 


For example, 73 per cent of operations 


on eyes were to children under 15 as compared with ony 13 per cent of all operations. 56 

per cent of operations on the abdominal wall and 68 per cent of operations on the upper 

abdomen were on patients over 45 years of age, as compared with only 44 per cent of all 
operations. 


(3) a counter sorter—this having, in this type 
of work, outstanding advantages over the 
tabulators which are very suitable for the 
tabulations of a more routine nature. 

The preparation of the annual report compris- 

ing sixteen to twenty tables, once the records for 


the year are complete, should occupy these 
machines, at the most, not more than one month. 
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Taste VI 
Cardiff Royal Infirmary, 
The administration of relaxants. The percentage figures indicate the pr 


Nitrous Vinyl 
Site of operation Thiopentone oxide ether 
(1) (5) 


> 


No operation 
Intracranial 
Spine and back ... 
Eyes 
Nose and throat 
Mouth+dental ... 
Other head + nec 
Chest wall... ... 
Intrathoracic 
Kidney region 
Abdominal wall 
Upper abdomen 
Lower abdomen 
Obstetric 


— 
Pell Vall 
— 


n 


12.5 


The Use of Relaxants. 


The principal relaxants recorded were d-tubocurarine, gallamine and decamethonium, with 
or without neostigmine. 


The last column of the table indicates the proportion of operations at each site in which the 
patient received a relaxant. It amounted to 50 per cent of all operations, but varied greatly 
according to site from 13 per cent of operations on the perineal site to over 90 per cent of 
those in the intrathoracic and kidney regions. 


It varied also according to the anaesthetic given (last line of the table), exceeding 50 per 


Wi 
| 
Trichlo 
pas | B A B A B A B A ee 
3 100.0 7 14.3 37 
2 50.0 43 2.3 57 
4 7.1 19 10.5 53 
3 100.0 73 42.5 134 
5 60.0 9 33.3 59 
7 28.6 5 20.0 87 
3 69.2 10 30.0 81 
100.0 4 75.0 1 
1 100.0 2 50.0 25 
1 = 3 33.3 8 
5 100.0 47 89.4 34 
1 45.5 147 61.9 200 
Inguinal... ... 1 - 31 90.3 50.0 42 35.7 70 
20 65.0 9.4 34 14.7 584 
Arm and leg... ... 4 - 36 41.7 11.1 20 20.0 143 
—_—..... ow 88.5 152 34.2 477 42.8 1689 
A=Number of operations. B=Percentage of “ 
ave} 
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Infirmary, 1951 
ate the proportion of operations in which a relaxant was given 


Trichlorethylene Cyclopropane 
(7) 
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of “A” in which a relaxant was used. 


cent in but two groups (cyclopropane 53 per cent and analgesic 89 per cent) and ranging from 
2 per cent (open ether) to 44 per cent (trichlorethylene) in the remaining groups. 

In the analgesic group not less than 41 per cent of operations on any site received a relaxant. 
Whatever the site, the proportion given a relaxant in this group was high compared with the 
average proportion for all anaesthetic groups combined. This was also the case were trichlor- 
ethylene was the anaesthetic, except that, as might be expected, a low percentage use of relaxants 
occurred in operations on the ears, arm and leg, and the perineal site. 

Where N.O+ether was the anaesthetic agent, the proportion given relaxants was well below 
average at all sites except the upper abdomen, perineal site, and arm and leg operations. 
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a ‘Local and 
Open regional 
(8) (9) (10) Totals 
A B A B A B 
4 25.0 im 8 12.5 
37 62.2 2 94 51.1 
24 75.0 3 65 60.0 
57 50.9 23 139 23.0 
53 34.0 114 37.7 
v 134 81.3 258 63.3 
59 78.0 84 73.8 
87 67.8 l 136 64.7 
81 75.3 164 62.2 
82 34.1 122 39.3 
1 100.0 21 95.2 
25 96.0 100.0 2 33 92.5 
8 62.5 33.3 4 25 48.0 
34 94.1 80.0 27 1.1 326 86.5 
200 83.5 81.9 23 - 106 677 79.0 
6 - - - - - - - - - 6 - 
; 70 70.0 17 41.2 4 - - - - - 167 59.9 
584 98 89 25.8 16 - - - 2 - 833 12.8 
143 18.2 33 21.2 11 - 1 - 3 - 260 20.4 
1689 44.6 295 53.6 150 2.0 19 36.8 12 - 3552 50.5 
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TABLE 
Cardiff Royal Infi 
Complication rates per person anaesthetize 


Ear. 


nose. 
throat, Other 
mouth head 
and and Chest Intra- 
Agent dental Thyroid neck wall 


thoracic 


Thiopentone ... ... (12) - (5) - - - 
Analgesic (48) GS . (30) .08 .67 (15) 
Nitrous oxide... ... . d Gy . (7) (13) - (1) 
N,O+ether ... (101) . (10) 50 (4) 
Trichlorethylene . (244). @7) (81). (1) 
Cyclopropane - (2) (1) 
Openether... ... . (13) - (21) 
Chloroform ... - - (1) 


Local and regional 
nerve block... ... - (3) 


Total d (139) .07 (452) . (136). (162) .08 (121) .57 (21) 


Figures in parentheses are the number of persons operated on at each site 


Post-operative complication rates per person (or per 100 persons) anaesthetized. 

The table presents a general picture of these rates by anaesthetic agent, for each specified 
site. The bottom line shows the rates for each site regardless of the anaesthetic and from 
the final column, the average complication rate is seen to be 0.12 complications per person 
anaesthetized or 12 complications per 100 persons (431 complications, 3,520 persons anaesthe- 
tized). Operations on the intrathoracic region produced the highest rate—21 operations, 12 
complications, making a rate of 0.57 per person or 57 per 100 persons anaesthetized, 

Next in order of magnitude were cperations of the upper abdomen for which the rate 
was 31 per 100 persons. This was followed by intracranial, spine and back operations—28 
per cent—with operations on the lower abdomen close runners up—20 per 100 persons anaes- 
thetized. 

Operations on the eyes, perineal and inguinal regions and on arm and leg, produced low 
complication rates of not more than 5 per 100 persons. 
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Taste VII 
Royal Infirmary, 1951 
maesthetized (all types of complication combined) 


Upper Lower Obstet. 
Kidney abdo- abdo- (not Arm and 
region men men Caesarean) Inguinal Perineal leg 


- - (1) .50 (4) (1) 
(22) . 30 (161). (194) (31) 
(5) .: (11) (2) 
‘ (47). (145) (42) 

(23) ‘ (34) .22 (199) .03 -O8 (1674) 
(1) . (92) G7 (292) 
(2) Gy. (23) (4) - (149) 

(2) (12) 


20 (671) “05 (167) .04 (827) .05 (259) .12 (3520) 


Omitted : 
each site under the administration of the anaesthetic specified. Data incomplete 24 
No operation 8 


3552 


Within each site, however, we may ask how the complication rate varied according to 
the anaesthetic used. For operations on the intrathoracic region, for example, the average 
complication rate was 0.57 per person. Of the 21 operations on which this rate is based, 15 
fell into the analgesic group and provided 10 complications—a rate of 0.67 per person; 4 fell 
into the N,O+ether group and provided 2 complications or a rate of 0.50 per person, but on 
such small numbers the difference between the rates is not greater than would be expected 
merely from chance. 

This difficulty is, in fact, present throughout the table. The subdivision of the data by 
both site and anaesthetic provides such small numbers that only an occasional significant 
difference between the complication rates can be demonstrated statistically—that between the 
analgesic and trichlorethylene rate for operations on the arm and leg is an example. 

It is to be hoped that the data aggregated for several years will provide real differences in 
the statistical sense, from which valid conclusions may be drawn. 
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